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Efficiency increase of heat pump technology 
for waste heat recovery in coal mines 


G. Pivnyak, V. Samusia, Y. Oksen & M. Radiuk 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: The nature and extent of the influence of hydraulic losses in evaporator and condenser on the 
energy efficiency of heat pumps have been investigated. Based on the analysis of the thermodynamic cycle 
of the heat pump with minimum of external irreversibility it has been shown that the increase of refrigerant 
pressure losses up to a certain limit in the sections of boiling in the evaporator, condensation and subcooling 
of the condensate in the condenser does not affect the performance and energy efficiency of the heat pump. 
The method of determination of the limiting values of the pressure losses has been determined. 


1 INTRODUCTION 


Heat pump technology is becoming more popular in 
Ukraine (Samusya et al. 2013). To ensure its high 
efficiency, more attention is paid to the develop- 
ment of theoretical foundations and principles of 
heat pump systems design (Pivniak at al. 2014, 
Oksen & Samusia 2014, Samusia 2015). 

The energy efficiency of thermal systems is de- 
termined by irreversible losses occurring during 
thermodynamic processes. There are external and 
internal irreversibility. In the single stage heat 
pumps the external irreversibility is determined by 
the heat transfer at the finite temperature difference 
between the heat pump’s refrigerant and the low- 
grade as well as high-grade heat. Internal irreversi- (6) 
bility is caused by hydraulic losses in the basic ele- T eS 
ments of the heat pump (compressor, evaporator, 2 
condenser, throttle) and the connecting pipes. Until 
recently, as the evaporators and condensers of heat K 
pumps with heating rate more than 100 kW mainly 6 
shell and tube heat exchangers in which the refrig- 7 4 
erant flows in the annulus have been used. Losses of 
refrigerant pressure in such devices are small, so their : 
calculations in heat pumps have been usually negligi- l 
ble. In modern plate evaporators and condensers re- 9 
cently used, the pressure losses on the refrigerant side s5 € 
can reach more than 300 kPa (Cennik 2015). It leads l 
to a significant difference between real and isobaric 3 
thermodynamic processes occurring in them. Figure 1. Diagram (a) and thermodynamic cycle (b) of heat 

The aim of this study is to investigate the nature § pump: HP — heat pump; Ev — evaporator; Cn — condenser; 
and extent the influence of hydraulic losses in evap- C- compressor; Th — throttle. 
orators and condensers on the energy efficiency of 
heat pumps. Let us consider a single-stage heat In this case, there is a possibility of significant 


pump (Figure 1) that heats the water for a hot water  Subcooling of refrigerant condensate at the expanse 
supply system. of heat exchange with cold water being heated. A 


diagram and thermodynamic cycle of the heat pump 





Ind 
A 
2 





with condensate subcooling and vapor superheating 
without losses of pressure in the evaporator and 
condenser (processes 4-5-1 and 2-6-7-3- 
isobaric) for zeotropic working fluid in the T, s— 
coordinates (T— temperature, s— entropy) are 
shown in Figure 1. 

Figure 2 shows a diagram of changes in tempera- 
ture of refrigerant and heat-transfer agent in the 
evaporator and condenser of the heat pump. 
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Figure 2. Diagram of changes in temperature of refrigerant 
and heat-transfer agent in the evaporator (a) and condenser 
(b) of the heat pump. 


2 HEAT PUMP MODELING 


Given that “ the reporting cycle is a cycle with a 
minimum of external irreversibility. In this case, at 
the distinguishing sections of the condenser (sec- 
tions that begin where the vapor condenses) as well 
as at the hot end of the evaporator, the temperature 
differences are equal to given ones. At the cold side 
of the evaporator temperature difference may be 
equal to a given one, or greater than it: 


t6 =l = Ats min ’ (1) 


Í> — bw = At, min ? (2) 


ty —t = Ati min » (3) 


l2 a” t4 2 At 4 min ’ (4) 


ly — i6 
t6 = i) — (ta — T : a. (5) 
ly — ly 


where ¢,, t, t, and t — refrigerant temperature at 
1, 3, 4 and 6 points of the cycle; ¢,, and ¢,, — tem- 


perature of low-grade heat refrigerant at hot and 
cold end of the evaporator; t, ¢,,. and t,,, — tem- 


wl >? 
perature of high-grade heat refrigerant at the cold 
end of the condenser and at the section where va- 
pour condensation begins; At mins Ab mins Ath min 


and Af, ..i, — given temperature differences at the 
sections where refrigerant temperature is equal to 1, , 
b, t, and tç, i, i, ię — enthalpy of refrigerant at 


the corresponding points of the cycle. 

Since in a given cycle external and internal irre- 
versibility are minimal, it will be the most efficient 
cycle at the given temperature conditions (at the 
temperatures of high-grade and low-grade heat 
transfer agent and temperature differences in the 
specific sections of the heat exchangers). In the 
p, i— coordinates (p — pressure, i— enthalpy) cycle 
is shown in Figure 3. 





Figure 3. Heat pump thermodynamic cycle. 


Shown in Figure 3 the corresponding segment spe- 
cific cooling capacity q,, heating capacity q, and 


heat pump compressor work l, are determined by: 


qx, =h i4, (6) 
dr =i i, (7) 
l =i- i. (8) 


Efficiency of the heat pump is determined by the 
coefficient of performance: 


COP = 2 | (9) 


Cc 


Let us consider how q,, g, and /. change when 


there are losses of pressure in certain areas of the 
evaporator and condenser. 

Let us assume that the pressure losses occur only 
in sections of boiling, condensation and subcooling 
of the refrigerant, and in sections of vapour super- 
heating at the evaporator and its cooling to the satu- 
rated state in the condenser are equal to zero. 

Condition of the refrigerant at the outlet of the 
condenser depends on the temperature t, that is 


determined from the equation (2), and pressure p;, 


so as the pressure decreases due to hydraulic losses 
at the condenser point 3 of the cycle will move 
downward along the isotherm ¢,. In the area of 


liquid isotherms on p, i — diagram are almost verti- 
cal. In order to simplify the analysis, we assume that 
they are strictly vertical and coincides with 1zoen- 
thalpy. Then, when the pressure of the refrigerant 
leaving the condenser at py, point 3 takes the posi- 
tion of point 3' on izoenthalpy i, =i, = const , point 
7 takes the position of 7' on the saturated liquid line 
and the process of changing the state of the refriger- 
ant in the condenser will be represented by 2 — 6 — 
7’ — 3' (Figure 3). The figure shows that g,, q, l 


Cc 
of the cycle 1—2-—6-—7'-—3'—4-5-1 are the 
same as for the loop 1-2—6—7—3-—4-—5-1 for 
which the hydraulic losses in the evaporator and 
condenser are assumed to be equal to zero. Thus, the 
analysis shows that within certain limits an increase 
in pressure losses in the areas of condensation and 
supercooling of the refrigerant in the condenser does 
not reduce the performance and energy efficiency of 
the heat pump. This is due to the fact that the increase 
of pressure losses in the condenser of the heat pump 
is compensated by their decrease in the throttle. 

Critical decrease of the final refrigerant pressure 
in the condenser at which the maximum efficiency 
of the cycle remains maximum is determined by the 
pressure of saturated liquid at the temperature t, 








i.e. by pressure at point 3": 
Px = Psa (t3): (10) 


Accordingly, critical pressure losses in the con- 
denser at the condensation sections 1s: 


(11) 


Losses of pressure in the boiling sections of the 
evaporator 4 —5 leads to the increase of pressure at 
the point 4 and the displacement of the point on 
izoenthalpy i, =i, =const to point 4’. 

Figure 3 shows that the cycle 1-2 -6-7-3 
4'—5-— 1 has the same energy indicators as cycle 
1—-2-—6-—7-—3-—4-5-1 for which the hydrau- 


AD 6~3 max = Po — P33’ - 








lic losses in the evaporator and condenser are as- 
sumed to be equal to zero. Thus, the increase of 
the hydraulic losses up to some value at the boiling 
sections of the refrigerant in the evaporator does 
not affect the efficiency of the heat pump, because 
this increase is compensated by a corresponding 
losses reduction in throttle. 

The maximum possible displacement of the point 
4 due to the pressure losses in the evaporator is 
limited by point 4", in which the temperature: 


tyr = ty — Ala mins UE (12) 
tra — Aba min < t3" > bar = ty — Aba min » (13) 
or by point 3”, when: 

ty — At4 min 2 t3 5 (14) 
tye = ty. (15) 


The maximum pressure losses in the evaporator 
for evaporating area, at which the energy efficiency 
of the heat pump is maximum, will be equal to: 


(16) 
(17) 


Pressure losses in the evaporator in the refrigerant 
vapour superheat part (in the process 5 — 1) leads to 
the pressure decrease at the end of the process, 1.e. 
at the inlet of the compressor. Pressure losses in the 
condenser in the part of cooling refrigerant vapour 
up to saturation (in process 2-6) leads to an in- 
crease in pressure at the beginning of the process, 
i.e. at the outlet of the compressor. Pressure reduc- 
tion in the inlet and its increase at the output of the 
compressor leads to the increase of the compressor 
work and, accordingly, to the energy efficiency 
reduction of the heat pump. 

For the estimation of the influence of the pressure 
losses Ap; and Ap,_, at the heat transfer sections 


AND Sis = Par — P5> 


Py = pltyrig) . 


5 — 1 and 2 — 6, the calculation of the heat pump cycle 
has been made. As initial data given: the initial tem- 
perature of low-grade heat source ¢,, =15°C, the 


initial and final temperature of the high-grade heat 
source are ¢,, =12°C and ¢,,, = 49 °C, the mintmum 


temperature difference in the evaporator 
iS Abimin = Atsmin =3 °C, the minimum temperature 
differences in the condenser are Af;,,,, =4 °C and 
At min = 7 °C. The temperature difference for the 
low-grade refrigerant in the evaporator is At, = 4 °C. 


Working fluid is freon R407C, isentropic efficiency 
of the compressor — 0.66. The main results of the 
calculations are shown in the Table 1. 


Table 1. Results of the heat pump cycle calculation. 


APs-ı Po- COP Aps, APr~-<¢ COP 
kPa kPa — kPa Ka — 
0 0 5.088 0 0 5.088 
l 0 5.082 0 l 5.086 
2 0 5.076 0 2 5.085 
5 0 5.059 0 5 5.081 
8 0 5.042 0 8 5.076 
16 0 4.996 0 16 5.064 


The Table 1 shows that the pressure losses in the 
sections under investigation affect the COP slightly. 
Pressure losses increase in the area of the superheat- 
ed vapour of the evaporator Ap;_, up to 16 kPa at 


Ap, =0= 0 results in the decrease of COP by 


only 0.092. The same pressure losses increase in the 
cooling refrigerant vapour of the condenser Ap >_¢ 


at Ap; results in an even smaller COP decrease is 


only up to 0.024. Thus, the maximum pressure losses 
in refrigerant boiling part of the evaporator and the 
condensate supercooling in the condenser, that do not 
lead to a change in COP, are AP4 sma = 158 kPa and 


AD 6-7-3max = 1057 kPa. 


To estimate the possible losses at the heat transfer 
areas of the condenser and evaporator for the given 
temperature conditions the heat pump with screw 
compressor CSH 7571 90(Y) by Bitzer has been 
designed. Heat power output of the heat pump is 
275 kW. When calculating the plate evaporator, 
condenser and subcooler condensate, the plates of 
type AC 500, AC 230 and CB 30 by Alfa Laval 
have been taken. Estimated number of plates in these 
devices has been respectively 132, 130 and 122. The 
calculated values of the pressure losses in the areas of 
heat transfer are as follows: Ap,_; =85.7 kPa, 
Ap;_, =9.7 kPa, Ap,_, = 0.9 kPa, Ap,_,_; = 4.0 kPa. 
In this energy conversion efficiency of the heat 
pump was COP = 5.083. The most significant pres- 
sure losses are in the boiling part of the evaporator 
Ap,_5 =85.7 kPa. But they do not decrease COP of 


the heat pump since they are less than the maximum 
AP 4-5max = 158 kPa. Those losses which could de- 


crease COP are so insignificant ( Ap,_, = 0.7 kPa, 
Ap,_« = 0.9 kPa) that lead to the decrease of COP 


compared to the cycle with no losses only by 0.005. 
Thus, the analysis performed shows that the loss- 
es of hydraulic pressure to overcome the resistance 
of the evaporator and the condenser at the different 
portions of these devices have different influence on 
the energy efficiency of the heat pump. At sections 
of condensation, supercooling and refrigerant evap- 


oration the pressure losses increase to some extent 
does not affect the energy efficiency of the heat 
pump, and superheating sections and cooling to a 
state of saturation causes a reduction of efficiency. 

The weak dependence of the energy efficiency of 
heat pumps and the pressure losses in the evaporator 
and condenser causes relatively independent systems 
of low- and high-grade heat pump plants and allows 
for autonomous optimization of their parameters. 

It will also be appreciated that the pressure losses 
of the refrigerant at the evaporating and condensing 
sections significantly affect their temperature and the 
temperature difference in the evaporator and conden- 
ser, which determines in turn the heat transfer area 
and the cost of these devices. Therefore, despite the 
small effect of pressure losses in the evaporator and 
condenser on the energy performance and efficiency 
of heat pumps, their inclusion in the calculation of 
heat pump systems is very important. 


3. CONCLUSIONS 


Based on the analysis of the thermodynamic cycle 
of the heat pump with minimum of external irre- 
versibility it has been shown that the increase of 
refrigerant pressure losses up to a certain limit in the 
sections of boiling of the evaporator, condensation 
and subcooling of the condensate in the condenser 
does not affect the performance and energy efficien- 
cy of the heat pump. The method of determination 
of the limiting values of the pressure losses has been 
determined. 
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ABSTRACT: The determined regularities of influence the geomechanical parameters of extraction mine 
working support on condition of the main elements of its support system allowed to find out the connections 
of the stress-strain stress (SSS) of support system elements between each other and to develop the recom- 
mendations of the rational parameters of wall anchors according to mining and geological conditions of ex- 
traction mine working exploitation in period after longwall pass. 


1 INTRODUCTION 


The results of analysis of a series of computing ex- 
periments unambiguously indicate to the essential 
relation on the SSS of frame support and anchors 
even without existence of constructive connection 
between them; the interaction of indicated elements 
dramatically increase in case of combining wall an- 
chors with frames in one load-carrying construction 
(Bondarenko et al. 2010, Kovalevska et al. 2010, 
Sdvyzhkova et al 2010). 

First of all, the parameters of wall anchors are de- 
termined for which search of their rational value is 
carried out. In this case the parameters of frame 
support are established in the form of the most 
widely applied (on Western Donbas mines) of typi- 
cal cross-section with TYSLP (Tent-shaped Yield- 
ing Support with Lengthen Props). Variable parame- 
ters of wall anchors are height and angle of dip, an- 
chor length and bearing capacity. 


2 RESEARCH TECHNIQUE 


The methodology of search of rational parameters of 
wall anchors is carried out by task-oriented overrun 
of variants of geomechanical models of computation 
experiments with help of finite-element method 
(FEM). The phrase “task-oriented overrun” means 
consequent calculation taking into account: 

— results of two previous calculations where value 
of investigated parameter is get in interval comply- 
ing minimum stress intensity in frame support; 

— operational experience in anchor installation 
schemes in different mining and geological condi- 


tions of Western Donbas and analysis of extraction 
mine working conditions while their reusing; 

— results of current investigations of operating re- 
gime of frame-anchor support and existing recom- 
mendations on anchor installation schemes. 


3. RESEARCH RESULTS 


Search of the rational parameters of wall anchor in- 
stallations is carried out starting from lower wall 
anchors that are placed along height of bottom rip- 
ping of extraction mine working. By the results of 
computation experiments and operational experi- 
ence, the lower resin-grouted anchor is installed on 
height 0.4—0.6m from drift floor with required 
construction connection with frame leg. Given 
height of lower wall anchor installation is deter- 
mined the most significant values of influence of its 
reaction (through flexible connection) on restriction 
of material limit equilibrium state field in lower part 
of frame leg: reducing the height of anchor installa- 
tion leads to curving size growth in area along coal 
seam thickness (support construction); increasing 
the height of anchor installation enhances leg bend- 
ing deformation in step zone. Anchor is installed 
horizontally due to primary horizontal shifting of 
border wall rocks in step zone of frame support. 
Thus, horizontal arranged anchor will expend max- 
imum strength reaction because it works on stretch- 
ing without essential bending its “armature”. The 
length /; of anchor is chosen by condition of key part 
back from the boundary of wall rock strengthening 
area. Mathematically this condition can be express 
by following equation: 


lf, 2 lig +bin +h, (1) 


where /j., — length of anchor key; l, — length of tail 
part of anchor outgoing in mine working cavity is 


taken /,= 0.1 m; by, „m — Width of wall rock weaken- 


ing zone is determined by formulas (2) or (3) de- 
pend on considered side of mine working (Ko- 
valevska et al. 2015): 

— from goaf side: 


0.73 
bf = mer - expl-5.9-10° H ||; (2) 
— from massif side: 
2 mere _ exp(-3.2-107 1), (3) 


where H — location depth of mine working; /, — width 
of support strip; R — average calculation compression 
strength of nearing floor rocks; R’, — compression 
strength of immediate bottom rocks. 

Calculation (Bondarenko et al. 2011) and tests are 
showing that load-bearing capacity of resin-grouted 
roof bolt approximately 200 kH is provided under 
key length lke = 0.6 —0.7 m. At least greater than or 
equal to load-bearing capacity of rope bolts reaches 
under length less than or equal to 1.0 — 1.1 m. Then 
using formulas (1), (2) and (3) it is possible to divide 
rational use field of wall steel and rope anchors for 
their installation along mine working floor ripping 
depth. Here, the criterion of division is appearance of 
technological difficulties of resin-grouted anchors 
length more than 3.2 m. If in difficult mining and ge- 
ological conditions the extensive area of weakening 
rocks in walls of mine working (more than 2.5 m) it is 
rational to replace the resin-grouted to rope bolt for 
which there are no such technological restrictions. 

For mathematical notation of this condition, the 
dependence (2) for weakening area width b“, of 
walls of mine workings from goaf side is used by 
two reasons. First, the size of given parameter, as a 
rule, exceeds analogical size from massif side that 
allows with something reserve to design wall rock 
strengthening in non-operational mine working 
side. Secondly, in case of mine working reusing 
the coal massif will be working off from the side 
of another extraction mine working that inevitable 
increase strengthening area width. Eventually the 
expression for determination of boundary value 
(R“i)p of calculated immediate floor compressive 
resistance is received. 

Under R",>(R")), it is rational to use resin- 
grouted anchors; under R“ < (R" 1)» it is rational to 
use rope anchors with length not less than value de- 
termined by formula (1). 


(RE), =5.68 Re x 





0.48 


x h — exp(- 5.9. 10H” , MPa. (4) 


The boundary condition (4) for type anchor selec- 
tion is shown on Figure 1, where area of a combina- 
tion of geomechanical parameters located above ad- 
equate lines determines resin-grouted anchors appli- 
cation and lower area is cable anchors. 


(RË )s, MPa 


resin-grouted 
anchors 
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Figure 1. Lines of boundaries of rational resin-grouted or 
steel anchor application (in depth of bottom ripping) under 
average calculated compressive resistance: 1 — R = 40 MPa; 
2 — R = 20 MPa; 3 — R = 10 MPa; 4 — R = 5 MPa; — i; = 
2.0m; — = Jy = 1.5 m. 


The last four emphasized parameters of lower 
wall roof bolts are their required resistance reac- 
tion equal in a limit of anchor “armature” load- 
bearing capacity. Here it is lays emphasis on an- 
chor “armature” tearing resistance because its key 
fastening strength by polymer compounds, as a 
rule, higher then provided appropriate length of 
roof bolt key part by introducing in borehole nec- 
essary amount and required ampule lengths with 
polymer compound. 

Researches show, that occurring of plastic state 
on certain section of anchor “armature” length 


doesn’t lead yet to its disruption because unloading 
of its section takes place due to axial yielding of 
“armature” on one side and presence of essential re- 
serve of steel resistance growth on stage of 
strengthening (Baclashov & Timofeev 1979, Skram- 
taev et al. 1953) up to value of steel temporary tear- 
ing resistance ø on the other side. In this regard it is 
rational to use for estimation of roof bolt load- 
bearing capacity the parameter as steel temporary 
tearing resistance o’ and some reserve of roof bolt 
operation reliability is provided by introduction of 
reserve coefficient (kes < 1). Then it is possible to 
use the following condition: 


o=k...0', (5) 


as criterion of achievement of anchor of the maxi- 
mal compression resistance. Under this criterion, the 
diameter of roof bolt armature (in certain condition) 
is elected by following way. 

Technique of carrying out of computation exper- 
iments was designed in such a way that each calcu- 
lation executes for specific diameter d of anchor 
“armature”. If under the reduced stress ø in no mat- 
ter which point exceeded the value in condition (5), 
the nearest bigger diameter d was accepted and cal- 
culation was repeated. Under this overrun of calcu- 
lation variants, the diameter of roof bolt “armature” 
suitable to certain condition of operation was deter- 
mined. Therefore, in contrast to analytical computa- 
tion methods directly determines connection the di- 
ameter anchor “armature” with geomechanical pa- 
rameters its work under already specified earlier pa- 
rameters of roof bolt placements in marginal rocks 
of extraction mine working in intact and lower wall 
roof bolt particularly. 

Fragments of searching results of parameter de- 
pendences d“; from geomechanical factors of extrac- 
tion mine working are shown in the diagrams on 
Figure 2 for resin-grouted and steel anchors. 

Roof bolt distribution on two groups is deter- 
mined by the different strengthening characteristics 
of steel of its “armature” and different standard di- 
ameters using for mine working supporting. Never- 
theless, connection regularities of required diameter 
d", with depth H of location depth are practically 
same for resin-grouted and cable anchors if it takes 
into account non absolutely but relative value in 
plan of intensity growth under increasing H. 

In addition, it is taken into account stable 
growth of anchor loading on the goaf side in com- 
parison with anchors on the massif side. Therefore 
on diagrams (and following regression equitations) 
are shown regularities for more loading anchors 
(on the goaf side), it is correctly supposed that an- 
chors from massif side will be working with some 
reliability reserve. 
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Figure 2. Regularities of required diameter variation “arma- 
ture” of lower wall anchors d“, from location depth H of 
mine working (— ), relations R“ı/m”, of calculated com- 
pressive resistance to the thickness of immediate floor 
(——) and average calculated compressive resistance R 
(— - -) of nearest coal-bearing massif: 1 — resin-grouted an- 
chors; 2 — cable anchors. 


The level of influence of average calculated com- 
pressive resistance R of nearest massif on the di- 
ameter d“, of resin-grouted and steel anchors also 
insignificantly varies from each other on variation 
relative value. The similar situation is observed for 
parameter R’,/m' ,, that is entirely logical as, an our 
opinion, tendencies of geomechanical factor influ- 
ence slightly depend on material of anchor “arma- 
ture”. In contrast, in absolute sizes of diameter d“; 
the steel of cable anchors have higher tearing re- 
sistance than resin-grouted anchors; it follows 
thence decreasing size of required diameter of cable 
anchor “armature” (Figure 2). 

By the results of revealed regularities the regres- 
sion equitation for calculation of minimum required 
anchor diameter is developed: 


1.81 17.2 
af 1S 10'f38+62-10° 4] 5 +059}. 
E 


RE 
x| 0.25 +0.73 oof - 0. i) , mm, (6) 
1 


where o’ — steel temporary tearing resistance of 
which anchor “armature” is made. In formula (6) in- 
itial parameters have following units of measure- 
ment: o’, R, R’; — MPa; H and m“, — meters. 


4 CONCLUSIONS 


Following the results the full range of required de- 
pendencies and constants for calculation and selec- 
tion of rational parameters of wall anchors installing 
in the extraction mine workings in depth of bottom 
ripping are received. 
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ABSTRACT: In the paper the bucket filling process while digging plasticity water-saturated soil is consid- 
ered. It is highlighted the necessity of taking into account physical-and-mechanical and rheological proper- 
ties of excavated soil, as well as cutting parameters to determine the rational geometrical parameters of the 
bucket, which provide high value of its fill factor. Mathematical models for defining the ultimate length and 
height of the soil body inside the bucket have been developed. The results of experiments on digging marine 
sapropel and coccolith sediments in laboratory conditions are given. The mathematical models have been 
verified on the basis of comparison of the calculation results and experimental data. 


1 INTRODUCTION 


Earthmoving machines with bucket work tools are 
used widely to perform different operations in un- 
derwater condition. They are used during the con- 
struction of hydraulic structures and development of 
underwater mineral deposits. 

In shallow water there might be used hydraulic 
excavators, draglines, underwater scrapers, bucket 
dredgers and submersible earthmoving machines 
(amphibians). Nowadays several types of seabed 
mineral deposits are of some economical interest. 
Among them are deposits of polymetallic nodules in 
the Pacific and Indian Ocean, metal-rich silts in the 
Red Sea, and organic-mineral sediments in the 
Black Sea. The depth of their stratification varies 
from 0.5 to 6 thousand meters. To extract minerals 
at the great depth such mining equipment with 
bucket work tools as continuous line bucket system, 
dragline dredgers, and seabed excavating machines 
were developed. Although only a few of them were 
tested in the field operating conditions. 

Because of limited speed of the work tool move- 
ment in water due to significant hydrodynamic re- 
sistance, the primary way of increasing the produc- 
tivity of excavating machines is to enlarge the buck- 
et capacity. As a rule, it results in rising power con- 
sumption of digging process. But achievement of 
desired productivity is not guaranteed by the reason 
of the fill factor decrease. This paper is dedicated to 
a question of interaction between the bucket and 
plasticity water-saturated soil while digging in order 
to define the rational geometrical parameters of the 
bucket, which provide the high value of its fill factor. 


2 ANALYSIS OF RECENT RESEARCH 


As a rule, when designing buckets for excavation of 
soil in underwater condition empirical dependences 
based on experience of onshore earthmoving ma- 
chines exploitation are used. For instance, to deter- 
mine geometrical parameters of an underwater 
scraper bucket it is recommended to use dependenc- 
es developed by D. Fedorov for the dragline bucket 


(Gilev & Shejn 2011): L =1650¥V ; B=10S50VV ; 


H =750VV , where L, B, and H— length, width and 
height of the bucket respectively, mm; V — the 
bucket capacity, m’. 

For the case of development of water-logged 
placer deposits, on the basis of analysis of standard 
scraper buckets empirical dependences of the bucket 
geometrical parameters on its mass were established 


(Dobrecov & Opryshko 2006): L =306.36M°”® : 


B=220M°°"; V=0.0021M , where M — the 
bucket mass, kg. 

The process of mining lake sapropel with torus- 
shaped scraper bucket is described in the paper 
(Bulik 2011). There is stressed the necessity of taking 
into account such properties of excavated soil as 
humidity and adhesion when designing buckets for 
development of clay soils. These properties affect 
sufficiently on the bucket fill factor. 

The process of cutting plasticity water-saturated 
soil was studied in detail at Kyiv National Universi- 
ty of Construction and Architecture (Ukraine). It 
was established that when cutting of the soil with a 
plane blade the cutting process might be changed in- 


to the process of ground spreading without chip process while digging plasticity water-saturated 

separation. It occurs when the following condition is soils should to be studied more in detail. 

fulfilled (Sukach & Magnushevsky 2005): Aim of the paper is determination of analytical 

(1) dependences of the rational geometrical parameters 
of the bucket, under which the high value of the 

where p — is the pressure on the soil surface in front bucket fill factor is provided, on the cutting parame- 

of the blade in ABC zone (Figure 1). ters and properties of the excavated soil. 


p22, 


3 DEVELOPMENT OF THE 
MATHEMATICAL MODELS 


There coined the following terms in the current 
paper: 

1) long bucket — non-inclined to the horizon 
bucket of limited width with other dimensions of 





Figure 1. Scheme of cutting plasticity water-saturated soil  @7Y 512°; aa , 
with the plane blade. 2) ultimate bucket filling condition (UBF condi- 
tion) — the condition of the long bucket filling under 
The size of the plasticity zone R is determined as: Which the process of filling stops and the ground 
cutting process changes into the process of ground 
R= b , (2) spreading without chip separation; 
y 3) ultimate filling parameters — parameters of fill- 


ing the long bucket when the UBF condition. 

The process of digging the plasticity water- 
saturated soil might be considered as follows (Fig- 
ure 2): stage I — bucket penetration in ground mas- 
sive 1; stage II — increasing the soil body inside the 
bucket 2 and the dragging prism 3 in size; stage III — 
achievement of the maximal size of the soil body in- 
side the bucket and the dragging prism; stage IV — 
changing the cutting process into the process of 
ground spreading without chip separation under 
which the ground piles 4 are formed to the both 
sides of the trench. 


where 6 — the blade width. 

Since the bucket might be considered as the com- 
bination of a blade and a receptacle, the condition 
(1) must be fulfilled for the case of digging the plas- 
ticity water-saturated soil with a bucket. At some 
parameters of the dragging prism, which presses on 
the soil surface in front of the bucket, the filling 
process must be stopped, so the maximal volume of 
soil inside the bucket is limited even if the cut chip 
does not reach the back and top walls of the bucket. 
To avoid decreasing the fill factor, the bucket filling 





Front view 





Top view 





Stagel Stage IT Stage III 


Figure 2. Scheme of the bucket filling while digging the plasticity water-saturated soil: 1 — ground massive; 2 — the soil 
body inside the bucket; 3 — the dragging prism; 4 — ground piles. 


At the stages HI and IV the soil body inside the Statement of the task: the long bucket with rectan- 
long bucket has its ultimate length and height. Let’s — gular cross-sectional shape moves rectilinearly with 
establish the dependences of the ultimate length and the constant speed vo, cutting layer of the plasticity 
height of the soil body inside the long bucket on the water-saturated soil. The cutting depth is Ao, bucket 
cutting parameters and physical-and-mechanical width is B. It is necessary to establish the ultimate 
properties of the excavated soil. length and height of the soil body inside the bucket. 
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The following assumptions have been accepted: 
soil is the homogeneous viscoplastic medium; the 
value of critical chip stress is constant at any length 
of the chip; the form of both the ground body inside 
the bucket and the dragging prism follows the rele- 
vant equations of the ellipse and stays unchanging 
in the course of time, but their geometrical dimen- 
sions change (according to the results of experi- 
mental investigation (Drebenstedt et al. 2014)); while 
the ultimate bucket filling condition ground piles 
formed on the both sides of the trench have a trian- 
gular cross-sectional shape. 

The ultimate height of the soil body inside the 
bucket by the strength properties of the excavated 
soil h,, may be determined from the calculation 
scheme in Figure 3 by using the condition (1) and 
expression (2). The result obtained is: 


\(Apbe tg 6)” +1675 7 
2 Apg 


where Ap — density of soil in water; g — free fall ac- 
celeration; t) — soil cohesion; tgg — quotient of 
height of the dragging prism by its length. 


h (3) 


uT 0°? 

















Figure 3. Scheme for calculation the ultimate height of the 
soil body inside the bucket by the strength properties of the 
excavated soil (side view of the dragging prism is shown). 


From the condition of equilibrium of the cut 
ground flow rate and the ground flow rate in the 
piles, which are formed to the both sides of the 
trench while the ultimate bucket filling condition, 
the ultimate height of the soil body inside the bucket 
by the natural friction angle of the cut ground (in 
loosened condition) /,, was determined (Figure 4). 
The established expression is: 


l 
h, = J hB tg ar y+hy ; 


where y — is the natural friction angle of the cut 
ground in loosened condition. 


(4) 
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The ultimate height of the soil body inside the 
bucket h, equals to the smaller value between A, 
and Ay. 
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Figure 4. Scheme for calculation the ultimate height of the 
soil body inside the bucket by the natural friction angle of 
the ground in loosened condition (front view of the drag- 
ging prism is shown). 


To define the ultimate length of the soil body in- 
side the bucket it was studied the chip deformation 
process. The process might be considered as fol- 
lows. While penetration of the bucket in ground 
massive it occurs separation of the continuous 
chip, which has solid and plasticity ranges. Mov- 
ing into the bucket, the friction between the bucket 
and the chip rises. It results in changing the chip 
stress condition. At some value of the chip length 
the shear stress in the solid range of the chip ex- 
ceeds the soil yield stress. Because of this the solid 
range changes into the plastic one. Considering 
that the value of critical chip stress is constant at 
any length of the chip, it was established the de- 
pendence of minimal thickness of the chip on its 
length (to define the critical chip stress the differ- 
ential equations of a soil element static equilibrium 
and the equations of equilibrium on a solid body 
surface have been used). From the established de- 
pendence, taking into account the ultimate height 
of the soil body inside the bucket, the expression 
for determining the ultimate length of the soil body 
has been found: 


j l 


= (h, -ħi Ken +2hy), 
kba 1 MOr + 4hr 





(5) 


where hz, Ay, and by — thickness of the plastic range 
and solid range of the chip and width of the solid 
range of the chip respectively (while penetration of 
the bucket into ground massive); k, — coefficient of 
proportionality, which takes into account the in- 
crease in the friction area of the chip on the side 
walls of the bucket while the chip deformation. 

Values of parameters by and Ay are determined by 
the following dependences: 





hy 3 l o Ig ; (6) 
— + — 
3 3(04+1) 
B 

Pn =o (7) 


Parameter h; may be calculated as follows 
(Sukach 2004): 


K 
—h,. 


h; = (8) 


Similarity parameters K and Q are defined by the 
expressions (Sukach 2004): 


K= HnVo 


IT ` 9) 
2 
o= K+ +=, (10) 


where Hm — plastic viscosity of soil. 

To provide high value of the fill factor, the bucket 
geometrical parameters should be determined by us- 
ing the following dependences: 


H=kh,, (11) 


(12) 


where kı and k — coefficients which don’t exceed 1 
and may be chosen by the way to provide the re- 
quired capacity of the bucket. 

For the case when the desired capacity does not 
provided, the cutting depth or the bucket width 
should be increased. 


L=kl,, 


4 VERIFICATION OF THE 
MATHEMATICAL MODELS 


To verify the mathematical models (3), (4) and (5) 
the laboratory tests were carried out. The tests were 
done on the basis of the three-dimensional cutting 
test machine (Figure 5) in TU Bergakademie 
Freiberg (Freiberg, Germany). Laboratory equip- 
ment included a container for soil samples and dig- 
ging tools (bucket scaled-down models). 

When experimental studying the process of dig- 
ging plasticity water-saturated soils, one of the most 
important questions is taking into account both the 
edge effect and scale effect. 

In the work (Sukach 2004) there is proven that when 
digging plasticity water-saturated soil the edge affect 
may not be taken into account at the ratio B/hg > 4...6. 
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Figure 5. General view of the three-dimensional cutting 
test machine. 


For the chosen minimal cutting depth of 10 mm 
the minimal bucket width is 40 mm. 

To avoid the influence of the scale factor caused 
by the ratio of linear dimensions of the soil particles 
to the one of the cutting tool, it was used the follow- 
ing expression for defining the critical cutting depth 
(Moiseenko 1987): 


| 6 3 | 6 3 

012 

he 5-10°6 _ {5-10°0.0 0.46, (13) 
B 40 


where h. — critical cutting depth, mm; 6 — average 
linear size of soil particles (for the clay soil it might 
be accepted equal to 0.012 mm). 

Accepted minimal cutting depth raises the critical 
cutting depth in 21.74 times. So, the modeling mis- 
take caused by the scale factor must be insufficient. 

Taken values of bucket width were: 40, 60, 80, 
and 100 mm. The width of the container for samples 
was calculated by using the dependence (2) for the 
bucket of the maximal width: 


B, = Brg, + 2R cos 4S = 


V2 


= T (14) 
where B. — width of the container for soil samples, 
m; Bmax — maximal width of the bucket (0.1 m). 

The cutting depth was equal to 10, 20 and 30 mm. 

The coccolith and sapropel samples from the 
Black Sea were used as the plasticity water- 
saturated soils. Humidity of the coccolit (sapropel) 
sediments was equal to 188.43% (222.68%), density 
1269 kg/m? (1219 kg/m’), cohesion 187 Pa 
(156 Pa), viscosity 226.8 Pa:s (807.4 Pa's). 


Tests were carried out in atmospheric and under- 
water conditions (Figure 6). While digging the sedi- 
ments in atmosphere condition the separation of con- 
tinuous chip was observed. The chip moved into the 
bucket and, being deformed, it formed soil body in- 
side the bucket (Figure 7). At some value of the dig- 
ging way the bucket filling process had been stopped 
and the cutting process changed into the process of 
soil spreading without chip separation, under which 


Stage I 





Stage II 


continuous ground piles were being formed to the 
both sides of the trench. While digging the sediments 
in underwater conditions, some cracking of the cut 
chip was observed. It was caused by the worsening 
coagulation conditions of soil particles due to less 
weight of the soil in water. At some value of the dig- 
ging way the ultimate bucket filling condition was 
achieved. While this, non-continuous ground piles 
were being formed to the both sides of the trench. 


Stage III Stage IV 









Figure 7. Deformation of the soil chip while digging in atmospheric (a) and underwater (b) conditions. 


Comparison of calculation results and experi- 
mental data for the case of digging the sapropel sed- 
iments in atmospheric conditions is shown in Fig- 
ure 8. The graphs show that cutting speed in the 
range from 0.05 to 1.0 m/s influences insufficiently 
on the ultimate length and height of the soil body 
inside the bucket (Figure 8, a, b). Rising of the cut- 
ting depth and the bucket width results in increase 
of the mentioned parameters (Figure 8, c — f). 
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Graphs of functions /,(/o) and h,(ho) (Figure 8, c, d) 
don’t cross zero of coordinate system. Physically it 
means that when cutting depth is equal to 0 the soil 
body inside the bucket and the dragging prism are in 
equilibrium (their geometrical parameters are un- 
changed). For instance, it may occur while decreasing 
of the cutting depth from some value to 0 (while re- 
covery of the bucket out from the work face), or when 
the bucket, moving without penetrated into the soil 
cutting edge, meet a soil pile on its way. 


(b) 
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Figure 8. Comparison of calculation results and experimental data for the case of digging the sapropel sediments in 


atmospheric conditions. 


Summarized thickness of the plasticity range of 
the chip near the side walls of the bucket may not 
exceed the bucket width. Because of this the de- 


pendence (5) must be used only when the condition 
B > 2h; is fulfilled (Figure 8, e). Otherwise the fol- 
lowing approximation should be used: 


B, (15) 


where B' — the bucket width under which condition 
B'>2h;is fulfilled; /', — the ultimate length of the 
soil body inside the long bucket when value of the 
bucket width is equal to B”. 

On the basis of statistical analysis of almost 100 
tests it was established that while digging the ma- 
rine sapropel and coccolith sediments the average 
deviation of the calculated results from the experi- 
mental data for parameters h, and /,, does not exceed 
12% and 16% respectively. Maximal deviation does 
not exceed 22% and 27% respectively at the proba- 
bility belief of 0.95. 


5 CONCLUSIONS 


1. While digging plasticity water-saturated soils the 
ultimate bucket filling condition occurs. In this con- 
dition the bucket filling process stops and the cut- 
ting process changes into the process of ground 
spreading without chip separation, under which 
ground piles to the both sides of the trench are 
formed. 

2.To provide high value of the fill factor, the 
bucket height and length should not exceed the ul- 
timate height and length of the soil body inside the 
long bucket respectively. For determination of the 
mentioned ultimate parameters the mathematical 
models have been developed. 
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3. For the case of digging the sapropel and cocco- 
lith sediments, maximal deviation of the data calcu- 
lated by using the developed mathematical models 
from the experimental one does not exceed 27% at 
the probability belief of 0.95. 
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ABSTRACT: Distance between stopes where longwall faces of contiguous seams operate safely and effec- 
tively at given parting thickness in the Western Donbas mines is determined on the basis of analysis of stress 
and strain state within the area of stratified inhomogeneous massif near stopes using obtained correlation 
ratio . Rational location of development working driven along the underworked seam is stated. Rational 


value of stope advance rate is determined. 


1 INTRODUCTION 


Development strategy of coal industry in Ukraine as 
it is pointed out in the National Energy Program is 
to increase operation efficiency of the mines and to 
reach the output of coal mining required to satisfy 
the demands of the national economy. 

There is the tendency in Ukraine to reduce the 
amount of effectively working coal producers that is 
stipulated by the mines’ unprofitability under the 
current coal mining technology. That is why it is 
required to increase the output of coal mining by the 
re-equipment of mines with highly productive tech- 
nique and to raise the intensity of mining operations. 

Re-equipment of the stopes by the complexes of the 
new technological level must provide sufficient load 
increase to the longwall face at least up to 1500 tons 
per day. At such loads the rate of the stopes advance is 
increased from 2...4 to 8...12 meters per day. It will 
lead to the certain changes in developing stress and 
strain state of rock massif within the zones of mining 
effect. By the current time the results of the study of 
effecting technogenic factors on the geomechanical 
processes which take place in advance of the stope as 
well as around it are practically absent. Technogenic 
factors are following: dimensional and geometrical 
parameters of the stope and working area, method and 
the rate of seam mining, rate of the stope advance and 
other technological parameters of coal seam mining. 

The most popular calculation and abstract models 
cannot completely take into account massif structure, 
physical and mechanical coal and rock properties, 
parameters of stopes and worked-out area as well as 
dynamics of seam mining while calculating techno- 
logical parameters of mining operations. The most 
well-known analytical and numerical solutions are 
obtained for the dead face. Some scientific theories 
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take into account stope shifting within the stressed 
medium (real conditions are idealized). Numerous 
solutions don’t have generalized dependences that 
make difficult their use even in these conditions. 

Combined approach developed in the National 
Mining University (Novikova et al. 2001) allows to 
take into account the rate of stope shifting, but hy- 
pothesis of forming additional load on powered roof 
support by its increase in the edging part of the coal 
seam should be confirmed experimentally. 


2 DETERMINING THICKNESS AND 
DISTANCE BETWEEN STOPES 


Distance between stopes where longwall faces of 
contiguous seams operate safely and effectively at 
given thickness of the partings in the Western Don- 
bas mines is determined in this paper on the basis of 
analyses of stress and strain state within the area of 
stratified inhomogeneous massif near stopes using 
obtained correlation ratio. Rational location of de- 
velopment working driven along the underworked 
seam is also stated. Safe distance between stopes on 
contiguous seams and parting power capability are 
interacted parameters. Area size of support pressure 
in advance of stopes and the value of maximum 
stresses within these zones, area sizes of disintegrat- 
ed rocks behind the stopes within the roof and the 
floor of each seam as well as maximum roof and 
floor convergence are the basic ones. These parame- 
ters are determined on the basis of analysis of the 
rock massif stress-and- strain state relating to the 
condition of overworking (Novikova et al. 2005). 

In the process of parameter determination dis- 
tance L between stopes along contiguous seams and 
parting stress A are varied. 


The values of physical and mechanical coal char- 
acteristics are following: elasticity module is 
E = 3.0-:10° MPa, the Poisson ratio is v = 0.36, den- 
sity is y=1.4t/m’ compression strength is 
o. = 30 MPa, tensile strength is o,= 3 MPa. 


(l-y)(o, + 03) + 
2 


Oog 
where 07, 02, 3 — the basic stresses, MPa; w= 0;/o,; 
6;, Oe is strength rock limit as for tension and com- 
pression, MPa. 

Figure 1 shows the values obtained by the given 
criteria Geg Within the field which is under consid- 
eration. As this figure shows the range of the limit- 
ing value area o,, within the roof of the upper layer 
according to the coordinate x is about 18m. The 
size within the roof of the lower seam is 30 m. 
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Figure 1. Stresses ceg according to the P.P. Balandin crite- 
ria: 1 — within the roof of the upper layer; 2 — within part- 
ing area; 3 — within the floor of the lower layer. 


Limiting values of stresses take place within the 
parting area covering its entire thickness and is 
about 30 m alongside the axis Ox. 

Figure 2 shows estimated values of the maximum 
concentration ratio (Ky)max Of the stresses as for the 
level yH (H = 300 m) in the roof of the contiguous 
seams within the area of support pressure in ad- 
vance of stopes at various values of a distance L and 
the fixed thickness A = 15 m. As this figure shows the 
roof of the lower seam is more loaded ((Ky) max is 1.36 
times more than within the roof of the upper layer). 

Figure 3 shows the values of the floor and roof 
contingence of the lower and upper layers at a dis- 
tance of 4 m apart from the stope off the worked-out 
seam at various distances L between the stopes. It 
can be seen that at the same shape of the curves large 
shifting takes place within the roof of the seam. 
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Parameters of inclosing rock (mudstone) had the 
values: E=2.9:10°MPa, v=0.3, t=3 t/m, 


o= 30 MPa, o,= 3 MPa. 

Estimation of the stress state is performed by the 
P.P. Balandin criteria (Gabdrahimov et al. 1966) 
according to which equivalent stresses are deter- 
mined by the formula: 
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Figure 2. Maximum coefficients of stress concentration Oyy 
within the roof of the lower layer (a) and the upper layer (b). 
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Figure 3. Roof and floor contingence at a 4 meter distance 
from the stope of the lower layer (a) and the upper layer (b). 


Figure 4, a and b shows epures of equivalent 
stresses o,, within the roof and the floor of the seam 
C, if parting thickness is A = 5 m. The curves / show 
that L = 30m, the curves 2 show that L= 70m. 
Figure 5, a and b shows epures Ge within the roof 
and the floor of the lower layer if h = 15m. The 
curves lin this figure are obtained for L = 40 m and 
the curves 2 is for L = 60 m. 

Figure 4 shows that at a distance between faces 
L=30m along the contiguous seams and parting 
thickness ; = 5 m the area of potential disintegration 
within the roof of the lower layer in the stope is 
10 m, within the floor is 13 m; if L = 70 m equiva- 
lent stresses don’t exceed the limit of the rock 
thickness of the roof and floor. The same situation is 
within the roof of the lower layer if L =30m and 
L=60 m and if h=15 m (Figure 5, a, b). Stresses 
within the floor in this case are not hazardous. 
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Figure 4. Stresses o., according to Balandin criteria: 
(a) within the roof of the lower layer; (b) within the floor 
of the lower layer at parting thickness h = 5. 
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Figure 5. Stresses o., according to the Balandin criteria: 
(a) within the roof of the lower layer; (b) within the floor 
of the lower layer if parting thickness is A = 15 m. 
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Therefore, the value of parting thickness h= 5m 
according to the factor of the rock pressure for the 
Western Donbas mines can be acceptable when the 
distance between stopes on the contiguous seams 
will be not less than 70 m. When parting thickness 
is h=15m stopes of the contiguous seams should 
be at a distance L > 60 m from each other. 

In the first case maximum values of convergence 
within the stope are determined by the method of 
the fictitious loads (Crouch & Starfild 1987) are 
(Atiy)max = 131mm along the upper layer and 
(Au; max = 66.7 mm along the lower one. In the 
second case the values are (Au,))max = 123.7 mm 
and (Au)) max = 65.47 mm. So, shifting in both cases 
doesn’t exceed accepted values which are about 
0.3 m, = 210 mm. 


3. DETERMINING STRESS CONCENTRATION 
FACTORS WITHIN THE ROOF OF THE 
DEVELOPMENT WORKING 


Flat calculation model is used to analyze stress 
and train state of the investigated area of the rock 
massif performed to find out rational location of 
the development working in overworking condi- 
tions. Furthermore, it is impossible to take into 
account mining effect. That is why load ratio is 
introduced into calculated algorithm. The last one 
is determined according to the parameters of in- 
creased rock pressure and is the relationship of 
stresses o, within the sections of this area with 
the level yH. Load ratio is determined on the basis 
of the calculation model (Figure 6). Resolving 
system of equations is formed taking into account 
boundary conditions for the elements of free 
boundaries and for the contacting elements by the 
method of fictitious loads. 











lyy 
Figure 6. Determining stresses concentration factor o, 
within the roof of the development working of the lower 
rock layer. 


Maximum values of load ratio within the roof 
along the axis of development working located on 
the lower seam at various distance /,; from the stope 
of the upper layer required for the further calcula- 
tions are determined using this solution (Figure 7). 


(Ky)max 













h=5 m 








_ 15m 











10 


-50 -40 -30 -20 -10 0 20 30 40 j 


Figure 7. Maximum load ratio within the roof of the 
development working. 


4 DETERMINING RATIONAL LOCATION 
OF THE DEVELOPMENT WORKING IN 
OVERWORKING CONDITIONS 


One of the principle conditions of contiguous seams 
effective mining is to provide operating stability of 
the development workings. Stability of development 
workings on the contiguous seams first of all de- 
pends on the place of their location, regularity of 
seam mining, parting thickness, and physical and 
mechanical properties of inclosing rocks. 

Special attention is paid to the choice of the ex- 
traction drift location along the lower seam mined 
secondarily as it is subjected to the additional rock 
pressure due to the mining operations performed 
along the upper layer. Obviously, workings will be 
less loaded if they are located within the unloading 
area formed after mining of overlying seam. How- 
ever, after extraction of the edging part of the over- 
lying seam these workings can be squeezed due to 
the sharp increase of the rock pressure. It is known 
that working drivage within the area of the in- 
creased pressure is less negative than pressure rise 
effecting on the driven working due to the mining 
operations (Jacobi 1987). 

The method of extinguishing workings protection 
on the contiguous seam is of great importance. Prac- 
tice and results of scientific investigations show that 
a pillar leaving to protect workings at any contigu- 
ous seams has negative effect on the state of the 
extraction drift of the next mining seam. Therefore, 
pillarless protection of the extraction drifts should 
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be applied on the contiguous seams (Glushko et al. 
1975). As for mining regularity, there is the de- 
scending order of seam mining in the Western Don- 
bas mines. Seam preparation is individual. Contigu- 
ous seams are mined together with the advanced 
extraction of the overlying ones. 

Workings of the lower layer are better to locate 
below worked-out area. The distance between them 
is determined by the mining depth and parting 
thickness. The distance between extraction drifts on 
the contiguous seams should be 10...15 m if parting 
thickness is 7...8 m and 400...500 m mining depth. 

While driving working along the lower seam next 
to the stope at the 300 m level it is recommended to 
keep the distance which is not less than 200 m. But 
in this case the drift will be within the area of in- 
creased rock pressure. Active shifting stage of the 
overworked rock thickness is ceased at a distance 
equal to the length of stope mining. 

The main task is to find out such place for the de- 
velopment working which could exclude additional 
mining effect performed along the overlying seam 
and provide sufficient maneuver to plan mining 
operations along the overworked lower bed. For this 
purpose minimally acceptable distance, in terms of 
development working stability, from the boundaries 
of the overworking area (the edge of the overlying 
seam) is determined. 

While finding out adequate parameters it is re- 
quired to remember that working stability should be 
provided long enough .Therefore, the change of 
physical and mechanical properties of inclosing 
rocks in time, rock massif structure and coal seam 
thickness should be taken into account in the calcu- 
lated algorithm. 

This paper considers calculation model showed in 
the Figure 8 while determining rational distance 
value / from the working contour of the lower seam 
up to the edging part of the upper one. 
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Figure 8. Determining rational location of the development 
working in overworking conditions. 


Calculations were performed for two values of the 
parting thickness typical for the Western Donbas 
mines: 4 = 5 m and 15 m. Load ratio marked by the 
points in Figure 7 was used while defining boundary 
conditions. They had the values (Ky)mq,=3.2 if 
h = 5 m and (K,)max = 2.7 and if h = 15 m and were 
the most critical section of the working located at a 
distance /; = 5 m and /; = 10 m from the stope. 

The model of linear- inherited medium with the 
Abel creep kernel was accepted for the massif. Ac- 
cording to this model while calculating stresses and 
shifting rock elasticity modules within the roof and the 
floor at various times are determined by the formula: 





E 
2 l 2 
' I+F, 2) 
O 1. 
pea, 3 
i=T_5 (3) 


where F — 1s elasticity module; F; — is creep function; 
a and 0 — are elasticity parameters; ¢ — time, sec. 

The results of calculations for H = 300m depth 
are given below. Figure9 shows epures of the 
equivalent stresses within the working roof and the 
floor if /= 0 and parting thickness is h = 5 m. Max- 
imum stresses are within the roof section ø ~120° 
(250 MPa) that exceeds o, of the rock. Epures of the 
stresses given below are built taking into account 
the time of extraction pillar mining. 








Figure 9. Epures of the equivalent stresses alongside the 
working contour if h = 5 m and/=0. 


Figures 10 and 11 show the behavior of the 
equivalent stresses within the roof of the working 
alongside of its contour. According to the epures 
(Figure 10) if parting thickness is h = 5 m and /=0 
(working is located below the edging part of the 
upper layer) stresses eg within the roof exceed the 
limit of the rock strength as for compression 
6. = 30 MPa everywhere and the area 
110°< ø < 140° is the most loaded. Such location of 
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the development working is impossible. If the work- 
ing will be at a distance / = 60 m, operating stresses 
will not be hazardous. 
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Figure 10. Stresses o., within the roof of the working 
ifh=5 m. 
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Figure 11. Stresses cą within the roof of the working 
ifh = 15m. 


Stresses Geg Within the roof also exceed o,. The 
most hazardous area is 110°< g < 130° but in case if 
/= 40 m. In this case stresses don’t exceed the limit 
of the rock strength. 

To generalize the results of theoretical study max- 
imum equivalent stresses are determined within 
hazardous sections of the working for the parameter 
l, the value of which were changed from 0 to 80 m 
with 10 m increment. 

Sections where load ratio had maximum values — 
(Ky)max = 3.2 in section 7=5 m if h=5m and 
(Ky)max = 2.7 in section /=10m if h = 15m were 
the most hazardous. 

All calculations were performed for the depth 
H=300m and were adapted to the time 
t = 16 months. 

The results were subjected to the statistical analy- 
sis. Following correlation dependences of the max- 
imum equivalent stresses (G¢q)max aS for parameter / 
were obtained: 

Within the floor if h = 5 m: 


(o,,)_ = 63.675 —3.075y/1 —0.003/? , MPa, 


(4) 
ifh= 15m: 


(5) 


(ou 


) = 25.163—2.126y/7 + 0.0017? , MPa, 


within the roof if A = 5 m: 


(o,,)_ =177.974 - 21.6621 +0.007/?, MPa, (6) 
ifh = 15 m: 
(c,,)_ =128.010-15.966y/7 + 0.004/? , MPa. (7) 


Correlation coefficients are given in the Table 1. 


Table 1. Figures of high correlation ratio (G¢q)max and l. 


Correlation Floor, A Roof, h 
coefficient 5m 15m 5m 15m 
R 0.83 0.97 0.93 0.96 


Figures 12 and 13 show calculated values of each 
variant by the points. Straight lines are the curves 
built according to the dependences (4) — (7). 

Taking into account epures (6¢9)max Within the 
floor and according to the P.P. Balandin (1) criteria 
(distance up to the working contour from the edging 
part of the upper layer should be /= 70 mifh=5m 
and if h = 15 m) stresses at any / are much less than 
compression strength if the strength margi K = 1.2. 
It means that they are not dominant. 
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Figure 12. Maximum equivalent stresses within the floor 
of the working if: (a) h = 5 m; (b) h = 15 m. 
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Figure 13. Maximum equivalent stresses within the roof of 
the working if: (a) A = 5 m; (b) h = 15 m. 


Taking into account stresses within the roof if 
h=5m / should be not less than 80m, and if 
h = 15 m permitted value is /= 50 m. 

Thus, />80mifh=5mand/>50mifh=15m 
are the rational ones for considered mining and 
geological conditions. 

However, it is required to analyze the values of 
maximum shifting on the contour of the given 
working. It has been done in the paper (Novikova 
et al. 2005). 

Shifting calculation on the working contour was 
performed in two stages — at first for the large area 
which was covered by the calculated model and 
then small part of the massif around the working 
where stressed were given as an operating load ob- 
tained at the first stage was considered. Sizes of 
small neighborhood were 45m across and 7m 
down. Working was located symmetrically as for 
vertical axis. The distance from the floor of the 
working up to the lower edge of the area was 2 m 
and up to the upper one is 5m. Calculation was 
performed for the values /, which were changed 
from 0 to 80 m with 10 m step. 

Table 2 shows shifting values of the roof and the 
floor obtained from each calculated mode. 


Table 2. Shifting of the roof and the floor of the working. 


h=5m 
/,m Uup, MM ur Mmm Au, mm 
0 174.8 248.5 423.3 
10 179.7 256.3 436.0 
20 137.1 194.9 332.0 
30 122.0 173.7 295.4 
40 115.5 164.1 279.6 
50 107.9 153.4 261.3 
60 94.6 134.5 229.1 
70 89.2 108.8 198.0 
80 87.1 105.2 192.3 


According to the data results and on the basis of 
statistical analysis correlation dependences connect- 
ing convergence of the roof and the floor (Auup)max 
with the distance / were determined for h = 5 m: 


(Au). = 477.07 + 20.21y1 - 


~8.811+0/05/° , mm (8) 
for h= 15 m: 

(Au)... = 182.614 20.3941 — 

— 5,531 + 0.03/* , mm (9) 


Coefficients of correlation of these dependences 
are 0.91 and 0.96 correspondingly. The curves ob- 
tained according to these dependences are shown in 
Figures 14 and 15. The results of correspondent cal- 
culated variants are marked by the points. Table 2 and 
Figures 14 and 15 show that large shifting takes place 
if /=5 m. If parting thickness is h=5m, then con- 
vergence will be 440 mm whereas permitted value is 
300 mm. If /=30m and h=5m Au,, the value of 
300 mm is assumed, 1.e. in this case / should be not 
less than 30 m. If the parting thickness is h= 15 m, 
convergence in hazardous section doesn’t exceed 
permitted value. Calculations by the formulas (8) and 
(9) give the same results. 
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Figure 14. Contingence of the roof and the of the floor of 
the working: H = 300 m; t= 16 months; l = 5 m; A = 5 m. 


23 


h=15m 

l, m Uup, MM ur mm Au, mm 
0 74.3 105.6 179.9 
10 88.2 125.4 213.6 
20 65.3 92.8 158.1 
30 59.1 84,0 143,1 
40 55.8 79.3 135.1 
50 52.2 74.2 126.4 
60 51.1 69.0 120.1 
70 50.1 63.0 113.1 
80 49.8 62.9 112.7 
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Figure 15. Contingence of the roof and the floor of the 
working: H = 300 m; t = 16 months; 4 = 10 m; A= 15 m. 


Thus, calculation in terms of stresses is the main 
factor determined rational distance / if h= 15 m. 
Required distance / should be not less than 80 m if 
h = 5m and not less than 50 m if h = 15 m. Values 
of roof and floor convergence don’t exceed permit- 
ted ones and are 192 mm and 112 mm. 


5 DETERMINING RATIONAL 
RATE OF STOPE ADVANCE 


Calculation of the process time of shifting under- 
worked rock massif within the stope is performed 
on the basis of the theory of layer by layer blocked 
shifting described in monograph written by 
M.S. Chetverik and E.V. Androschuk (Chetverik & 
Androschuk 2004). Taking into account stope ad- 
vance stay period of tensile deformations above 
worked-out area is determined. 

As tensioning stimulates rock foliation and folia- 
tion areas are working water sources, the height of 
foliation areas above worked-out space is deter- 
mined, and the rate of stope advance is calculated. 
In this case tensile deformations have no time to 
overspread along the plane of rock disintegration up 
to the water bearing level. 


The rate of developing tensile deformations along 
the caving plane depends on the mining depth, time 
of active disintegration and slope angle of caving 
plane as for the level. In given mining and geological 
conditions (rocks are of the medium metamorphism) if 
mining depth is H=400 m, slope angle of the caving 
plane @ is 63...66° and the rate of tensile deformations 
vq 1s 10...15 meters per day. Therefore, time required 
to develop deformations along the caving plane from 
the worked-out area up to the Earth surface 1s: 

H 


—_—— = 34, day. 
V4 sin @ 


t 


(10) 


The important stage of deformation development 
is undermining time of two blocks (time of two cav- 
ing steps) at which tensile stresses within the roof of 
the worked-out area are changed by the compression 
stresses. This time is determined by the formula: 


_2L 


Lon 


(11) 


V fa 


If caving step is L = 25 m and the rate of face ad- 
vance is vz, = 3 meters per day undermining of two 
blocks is 17 days. If the area of tensile deformations 
of two blocks at the time of undermining could be 
widespread along the whole height AH the tension 
area would be above worked-out area for some time 
and would be stope water source. But in this case: 


Z H 
gh oe. 
V,sin@ 


V fa 

Therefore, tensile deformations have time to 
widespread only up to the stratification area where 
tension is changed by the compression. 

Sizes of the tensile area and zone of rock massif 
stratification above worked-out area are determined 
by solution of geomechanical task using the method 
of boundary elements on the basis of calculated 
model (Figure 16). The size / is assumed to be equal 
to 50 m (two steps of the basic roof caving). 


(12) 

















Figure 16. Calculated model of determining rational value 
of the face advance rate. 
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Calculations have shown that the extention of the 
tensile stress area down is 35 m from the floor of the 
longwall face. At the rate of vg 10...15 meters per 
day it will reach in a time: 

3H 


= egi day. 
V4 sin @ 


T= (13) 


While determining value T it was taking into ac- 
count that the period of deformations of stresses is one 
third of the time of rock disintegration. It was deter- 
mined on the basis of instrumental observation data as 
for surface shifting (Chetverik & Ozerov 1998). 

Rational rate value of the face advance whereby 
zone of tensile deformations have no time to over- 
spread along the plane of massif disintegration up to 
the water bearing level. It is determined by the time 
equation 7. of two blocks underworking and the 
time T of reaching foliation zone. That is: 


2L 3H 
— =—_, (14) 
Via Va Sin@ 
2LV,sin@ 
V fa A m per day. (15) 


3H, 


6 CONCLUSIONS 


Quantitative estimation of the upper layer longwall 
face effect on the development working driven 
along the overworked lower seam was performed by 
the numerical method. Load coefficients are intend- 
ed to use as initial data while studying stability of 
extensive overworked heading. 

Correlation ratio between maximum equivalent 
stresses within the roof and the floor of the over- 
worked heading and the distance from the cross- 
section of the last one up to the edging part of the 
upper layer was obtained. 

While receiving data of dependences mining 
(stoping) effect along the upper layer was taking 
into consideration by the load coefficient. 

Correlation ratio between maximum contingence 
of the drift roof and floor within the overworking 
area and the distance from its cross-section up to the 
edging part of the upper layer was determined. 

Given study shows that the value of the parting 
thickness A = 6 m for the Western Donbas mines is 
permitted as for the rock pressure factor if the dis- 
tance L between stopes of the contiguous seams is 
not less than 70 m; if the parting thickness h is more 
than 15 m stopes of contiguous seams should be at a 
distance of L > 60 m from each other. 

Due to results of performed analysis of stress and 
strain state of rock massif 1t was determined that in 


the Western Donbas mines at the continuous de- 
scending order of contiguous seams underworked 
development working should be located within 
overworked area at a distance / from the stope of the 
upper layer which is not less than 80 m if h = 5m 
and not less than 50 m if h = 15 m. 

Ration rate value of stope advance at which the 
area of tensile deformations have no time to over- 
spread along the plane massif disintegration up to 
the water bearing level was determined. 
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of the biomass gasification technology in Ukraine 
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ABSTRACT: Mining of coal deposits nowadays in Ukraine has to include not only coal extraction but fol- 
lowing processes that accompany coal extraction. In the article the potential of biomass usage for additional 
heat and power generation during coal seam gasification is proposed. The innovative technologies in mining 
such borehole underground coal gasification with combination of underground biomass gasification is exam- 
ined. World share of bioenergy in the world primary energy mix and total primary energy supply by resource are given. 
The conclusions are drawn at the end of the paper with perspective trend for future studies. 


1 INTRODUCTION 


Consumption of energy resources in the nearest time 
will provoke their rapid rise, accompanied by their 
gradual exhaustion. This situation requires a search 
of internal reserves based on renewable energy. En- 
ergy crisis prompts European countries for search- 
ing an alternative source of renewable energy. Im- 
portant part of those efforts is conducting of integra- 
tion research and development of road maps for sus- 
tainable energy use for whole continents. 

Energy production can be provided with two re- 
sources (exhaustible and inexhaustible). To exhaust- 
ible resources refers: coal, oil, oil sands, natural gas, 
heavy oil, natural gas, associated petroleum gas etc. 
To inexhaustible resources refers: wood, straw, en- 
ergy crops, solid waste, bio-gas and landfill gas. Bi- 
omass by definition is an organic matter of vegeta- 
ble or animal origin that can be used as an alterna- 
tive energy source. 
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Figure 1. Share of bioenergy in the world primary energy mix. 
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2 THE MAIN PART OF THE ARTICLE 


The supply of sustainable energy is one of the main 
challenges in modern world. Biomass can make a 
substantial contribution to supplying future energy 
demand in a sustainable way. 

Biomass fuels can be produced from agricultural, 
forestry and municipal wastes and residues, as well 
as from crops such as sugar, grain, and vegetable 
oil. Crops grown for use as biomass fuel can be 
grown on degraded, surplus and marginal agricul- 
tural land, and algae could, in the future, be exploit- 
ed as a marine source of biomass fuel. Thus, bio- 
mass could provide a significant proportion of the 
heat, electricity and fuel demand of the future. Bio- 
energy is the largest global source of renewable en- 
ergy, and contributes an estimated 10% of global 
primary energy production in particular as a direct 
source of industrial and domestic heat (Figure 1) 
(Gadonneix 2013). 


Hydro 15% 
Agricultural 
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The share of renewable energy in the global energy 
production today make up 13% of these 77 accounts 
for bioenergy main raw material which is wood bio- 
mass (87%). The global crisis has stepped up the 
change of the world energy priorities to nuclear fuel 
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Figure 2. Total primary energy supply by resource. 


From Figure 1 the acronyms “Mtoe” means the 
million tonne of oil equivalent. It is a unit of energy 
defined as the amount of energy released by burning 
one tonne of crude oil. It is approximately 42 giga- 
joules or 11.63 MWh, although as different crude 
oils have different calorific values, the exact value is 
defined by convention; several slightly different 
definitions exist. The toe is sometimes used for 
large amounts of energy. 

The supply and use of energy have powerful eco- 
nomic, social and environmental impacts. Not all en- 
ergy is supplied on a commercial basis. Fuels, such as 
fuel wood or traditional biomass are largely non- 
commercial. Fuel wood is playing a leading role in 
the developing countries, where it is widely used for 
heating and cooking. Universal access to commercial 
energy still remains a target for the future. In many 
countries, especially in Africa and Asia, the pace of 
electrification lags far behind the growing demand. It 
is imperative to address this major challenge without 
further delays, in particular taking into account the 
impact access to electricity has on peoples’ lives and 
well-being, economic growth and social develop- 
ment, including the provision of basic social services, 
such as health and education (Gadonneix 2010). 

Annual growth of biomass in the world is estimat- 
ed at 200 mlrd tons in terms of dry matter, that is 
equivalent to 80 bln tons of oil. One of the sources of 
biomass is forests. During added-value wood pro- 
cessing 3 — 4 bln tons make waste, energy equivalent 
of wood waste make 1.1 — 1.2 bln tons of oil. 
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(Khomenko & Rudakov 2010, Vladyko 2012). Share 
in renewable energy according to the World Energy 
Recources (Survey of energy resources) for 2013 was 
11%, at that according to optimistic indicators for 
2020 it should make 22% (Figure 2). 
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Ukraine is one of the most energy intensive coun- 
tries in the world. In Ukraine the primary energy con- 
sumption has been quite the same during the last few 
years. The primary energy consumption in the year 
2014 was 180 Mtsf. The acronyms “Mtsf’ in Ukraine 
means million tonne of standard fuel. It is unit of en- 
ergy defined as the heating value of 1 kg of coal and 
is equal to 29.3 MJ or 7000 kcal. About 79 % of the 
total energy consumption in Ukraine in 2014 was 
produced by fossil fuels like coal, oil and natural gas. 

According to expert estimates of official statistics 
for 2014, the theoretical potential of biofuels in 
Ukraine make 50 Mtsf, technical — 36.2 Mtsf and 
cost-effective — 27.27 Mtsf. That is the basis of the 
current level of total primary energy consumption in 
Ukraine (180 million tons of standard fuel standard 
fuel in 2014) economic potential of biomass can 
meet about 15% of Ukraine’s market needs in the 
energy sector (Tytko & Kalinichenko 2010). De- 
tailed power potential of biomass in Ukraine is rep- 
resented in Table 1. 

Ukraine has great potential of biomass available 
for energy use. By bringing this potential to energy 
production it is possible to satisfy 13 — 15% of the 
country demand in primary energy in the nearest 
perspective. Development of bioenergy sector in 
Ukraine should be conducted consistently and rea- 
sonably, taking into account possible impact on na- 
tional economy and environment. The basic compo- 
nents of biomass potential are agricultural residuals 
and forest biomass (Geletukha 2010). 


Table 1. Detailed power potential of biomass in Ukraine. 


Power potential, Mtsf 


Biomass , ; 
Estimated Technological Economically viable 

Straw of grain-crops 10.39 5.21 1.34 
Straw of rape (Brassica napus) 1.07 0.75 0.75 
Wastes of corn production 5.7 2.99 2.79 
Wastes of sunflower production 4.27 2.86 2.86 
Wood biomass 2.13 1.66 1.48 
Biodiesel 0.50 0.50 0.25 
Bioethanol 2.33 2.33 0.86 
Biogas from animal wastes 32l 2.45 0.76 
Biogas from solid waste landfill 0.77 0.46 0.26 
Biogas from aeration plant 0.21 0.13 0.09 
Energy crop: 

— poplar. acacia. alder, willow 14.58 12.39 12.39 

— rape (straw) 1.65 1.15 1.15 

— rape (biodosel) 0.78 0.78 0.78 

— sunflower (biogas) 1.59 1.11 1.11 
Peat 0.77 0.46 0.40 

At all 50.01 36.23 212] 


Agricultural biomass is concentrated in the central, 
southeastern and southern regions, in places with the 
most fertile soils, while forest biomass may be pro- 
duced in the northern parts of the country, which is by 
25 — 30% covered with pine forests, and in the west- 
ern part — Ukrainian Carpathians, where the dominant 
forest species are spruce, beech, fir and oak. 

There are a lot of biomass energy sources in 
Ukraine. The biomass fuels are mainly wood residues 
from forest and agriculture industry. Bioenergy could 
supply a substantial part of the energy needs of indi- 
vidual communities in Ukraine. It could improve en- 
ergy security and, in particular, improve energy sup- 
ply to areas with poor energy infrastructure. Agricul- 
ture, real estate and transport are likely to be the big- 





gest consumers of energy from renewable sources. 
Bioenergy can offer new opportunities for job crea- 
tion, especially in areas of high unemployment. Fur- 
ther, land that, because of contamination, is unsuita- 
ble for growing edible plants could be used for energy 
crops. Development of bioenergy and, in general, the 
renewable energy sector, could help resolve many 
environmental problems associated with the energy 
sector in Ukraine, as well as in other countries. 
According the bioenergy potential of biomass 
Ukraine far ahead of all other European Union coun- 
tries, including developed countries such as France, 
Germany, Spain etc. (Tytko & Kalinichenko 2010). 
The problem is only to use its energy potential, par- 
ticularly in the older approaches to its use (Figure 3). 
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Figure 3. Bioenergy potential of EU member state in comparison with Ukraine. 
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There are many bioenergy routes which can be 
used to convert raw biomass feedstock into a final en- 
ergy product. Several conversion technologies have 
been developed that are adapted to the different phys- 
ical nature and chemical composition of the feed- 
stock, and to the energy service required (heat, power, 
transport fuel). Upgrading technologies for biomass 
feedstocks (e.g. pelletisation, torrefaction and pyroly- 
sis) are being developed to convert bulky raw bio- 
mass into denser and more practical energy carriers 
for more efficient transport, storage and convenient 
use in subsequent conversion processes (Gadonneix 
2010). The bioenergy routes are shown on Figure 4. 
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Figure 4. Bioenergy routes of power generation. 







Thermochemical Gasification 









Microbiological Fermentation 


The most effective technology of biomass usage 
in bioenergy last one is the direct combustion, gasi- 
fication, anaerobic fermentation and all. In general, 
organic energy is received using physical or thermo- 
chemical or microbiological methods. Power gener- 
ation using direct combustion of organic waste is 
physical methods. The basis of thermo-chemical 
method is the use of chemical gasification process. 
The spread of the world is microbiological meth- 
ods of biogas receive using anaerobic digestion. 

As a result of anaerobic fermentation (bioconver- 
sions) appear: a biogas, which consists of methane 
(65 — 80%), carbon dioxide CO, (15 — 25%), carbon 
monoxide CO (2 — 3%), nitrogen (N2), oxygen (O2), 
sulphurhydrogen (H2S), and high-efficiency envi- 
ronmentally clean disinfected fertilizer. One ton of 
it is equivalent 3 — 4 tons of nitric-phosphoric ferti- 
lizers which are produced industry. In the process of 
methane fermentation pathogenic microorganisms 
perish and the unpleasant smell of wastes is neutral- 
ized. The method of biogas reception is widely 
widespread in a number of countries with a warm 
climate, a high enough temperature, conditioned 
natural terms, is needed in which for the effective 
flowing of bioconversion (India, Brazil, Chinese 
Folk Republic and other). Most active activity of 
bacteria at temperature 35 — 45°C. 
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Fluidizers anaerobic fermentation serve as the ef- 
fective mean of agricultural and stock-raising 
wastes processing (leaves, stems of plants, weeds, 
straw, sunflower wastes, corn heads, pus of different 
farms and dung of poultry factories), and also com- 
munal wastes on purification buildings and other. 
Their application allows deciding three tasks, im- 
portant from the power, agricultural and ecological 
points of view, namely: to get a biogas; to convert 
wastes into high-showy profits (fertilizers); an envi- 
ronment impact (Bondarenko et al. 2010). 

Undoubtedly the most promising is thermochemi- 
cal method of energy production of biomass through 
gasification process. A variety of opportunities to 
obtain products using gasification process is much 
broader than with physical or microbiological meth- 
od of obtaining energy. 

In general gasification is the sequence of exo- 
thermic and endothermic chemical reactions be- 
tween an organic fuel and an oxidant with steam 
and/or oxygen edition. It is a partial oxidation, in 
which the raw fuel is converted into a combus- 
tible synthesis gas, consisting mainly of CO and 
H2. Addition products of gasification include 
heat, CO, and H,O. 

Almost any fossil fuels can be gasified, resulting 
generator gases are received with a wide range of 
usage — as fuel for domestic heating and the various 
processes of the industry. With the wide use of bio- 
mass gasification technology can achieve significant 
savings of fossil fuels. 

Underground coal gasification can be examined 
as one of examples of generator gas reception which 
carry out new principle — combination of coal ex- 
tracting with its simultaneous processing in the 
unique technological process. For today’s day in the 
world there is the new interest to development of 
new mine and borehole underground coal gasifica- 
tion technology (Bondarenko et al. 2010). 

Currently industrial-scale gasification is primarily 
used to produce electricity from fossil fuels such as 
coal, where the syngas is burned in a gas turbine. 
Gasification is also used industrially in the produc- 
tion of electricity, ammonia and liquid fuels (oil) us- 
ing Integrated Gasification Combined Cycles, with 
the possibility of producing methane and hydrogen 
for fuel cells. 

There are few examples of commercial gasifica- 
tion plants, and the deployment of this technology 
is affected by its complexity and cost. In the longer 
term, if reliable and cost-effective operation can be 
more widely demonstrated, gasification promises 
greater efficiency, better economics at both small 
and large-scale and lower emissions compared 
with other biomass-based power generation op- 
tions (Gadonneix 2010). 


Despite the positive aspects of biomass gasifica- 
tion today the problem of alternative energy is its 
high cost. But that’s only because the alternative en- 
ergy is not developed, no mass distribution, which is 
why their use should invest in most cases greater 
than in both the conventional. In addition, there are 
others obstacles that prevent technological devel- 
opment in Ukraine. Basically, among these are: 

— low productivity of biogas unit; 

— discrepancy between the quality parameters of 
biomass transport over long distances; 

— limitations provided in preferences for reducing 
CO, emissions; 

— discrepancy between demand and supply. 

On the department of underground mining of na- 
tional mining university for the last 15 years was 
conducted a lot of investigation that belong to alter- 
native technologies of energy receive. Such tech- 
nologies are underground coal gasification, gas- 
hydrate formation from coalbed methane etc. which, 
together with other alternative technologies can re- 
duce the consumption of expensive natural gas (Fal- 
shtynskyy et al. 2012, Falshtyns’kyy 2013, Ovchyn- 
nikov et al. 2013, Koshka et al. 2014). 

So, by employees of underground mining depart- 
ment were developed the technical documentation 
of the demonstrative laboratory unit and calculated 
heat-thermal balance for different types of coal and 
blowing mixture (contract with Department of in- 
ternational commerce and industry of Japan and 
firms JCOAL and Mitsui 2000 — 2001). Also was 
developed technological schemes of experimental 
gasifier for the conditions of mine Barbara during 
implementation the general project — Hydrogen Ori- 
ented Underground Coal Gasification for Europe — 
HUGE (Falshtyns’kyy 2013). A three-year research 
project financed by the European Commission’s Re- 
search Fund for Coal and Steel. Project gathers 
11 entities from Poland, Belgium, Czech Republic, 
Netherlands, United Kingdom, and Germany. It was 
led by Central Mining Institute (Poland). 

Combination the technology of borehole under- 
ground coal gasification with biomass gasification 
that is proposed to consider is quite promising direc- 
tion of alternative energy development. Firstly it 
will reduce the capacity cost including expensive 
equipment of surface biomass gasification, as all 
thermochemical processes take place in under- 
ground gasifier at the same time in his place of oc- 
currence. Secondly it allow to resolve the issue of 
environmental and ecological cleanliness of the pro- 
cess, as underground coal gasification technology 
developed on a new level in a closed environment- 
friendly cycle. The latest investigations of UCG in 
the NMU are described in the works (Lozynskyi et 
al. 2015, Falshtynskyi et al. 2014). 
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4 CONCLUSIONS 


Analysis of the availability of biomass in Ukraine and 
in the world shows the potential and feasibility of us- 
ing organic compounds as alternative energy sources. 

In order to carry out of biomass gasification tech- 
nology combined with coal seam gasification it is 
only necessary to make some adjustments in the ex- 
isting technological schemes. Fragments of biomass 
are injected into the gasifier along a controlled pipe- 
line in the reaction channel, where it will convert to 
combustible gases. It will allow not only get more 
energy, but also solve the problem of organic waste 
utilization in some regions of Ukraine. 

Suggested technology can become an alternative 
to traditional energy, successfully working out tech- 
nological and social problems, and can become the 
active ecological hospital attendant of our degrading 
environment as a result of negative influence of ex- 
istent power complex. 
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ABSTRACT: The Tailings Hazard Index (THI) has been developed for prompt and preliminary evaluation 
of the large amount of tailings management facilities (TMFs) on the national level by ranking their hazard. 
The THI is a dimensionless parameter calculated by summing up the partial indices quantifying the signifi- 
cance of various TMF-related hazards including tailings capacity, toxicity of tailing materials, TMF man- 
agement quality, natural conditions (geological, seismological, and hydrological conditions) specific to the 
TMF site, and dam safety. The results of THI method application to ranking of Ukrainian TMFs by hazard 
are analysed. The THI method can be used for creation of national databases of hazardous sites. 


1 INTRODUTION 


Last two decades the concern is growing on environ- 
mental degradation caused by unintended large-scale 
movement of hazardous materials as a result of failures 
of tailings management facilities (TMFs) where large 
amounts of mining wastes are stored (Classification of 
mining waste facilities 2007). 

The accidents at TMFs may frequently lead to 
long-term water and soil pollution, damage biota 
and have negative after-effects to human health. 
Failures may result in uncontrolled spills and releas- 
es of hazardous tailings materials. The negative 
impacts of such incidents on humans and the envi- 
ronment and severe trans-boundary consequences 
have been demonstrated by recent accidents in ECE- 
countries; the most known occurred at tailings in 
Baia Mare, Romania (2000), aluminium sludge 
tailings in Kolontar, Hungary (2010), at the 
Talvivaara Mining Company in Finland (2012). 

In 1983 potash fertilizers were released in the 
Dniester River at Stebnikovskiy plant “Polimineral”’ 
in Western Ukraine. In 2008 due to dam failure 
waste products were again dumped from potash 
fertilizers tailings at the Kalush chemical plant into 
Dniester, which caused the concern of Government 
of the Republic of Moldova. In January 2011 the 
tails had dried up at the alumina refinery plant near 
the city of Nikolaiev (Southern Ukraine) and stored 
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wastes were dispersing as dry red dust. As a result, 
topsoil, atmosphere, ground and surface water, and 
settlements were affected over the area of tens of 
square kilometres. 

Many efforts have been undertaken recently by the 
international expert community to improve TMF 
safety through strengthening safety requirements, for 
instance, by putting into practice the modern safety 
standards and the advances in remediation technolo- 
gies in mining (Safety Guidelines .... 2014, Tailing pits 
and sludge stores 2012, Reference Document... 2004, 
Peck et al. 2005). Advances in Earth sciences in the 
field of geological, seismic, hydrological, and climate 
risks have been also taken into account for design and 
operation of TMFs. Nevertheless, many tailings in 
East Europe and the former USSR still urgently need 
taking measures for improving their safety. 

In 2013, German Federal Environment Agency 
has initiated the project “Improving the safety of 
industrial tailings management facilities based on 
the example of Ukrainian facilities”. The project 
aims to develop an effective methodology for im- 
proving TMF safety using both Checklist approach 
and the method based on Tailings Hazard Index 
(THI). This should be a useful toolkit for competent 
authorities, inspecting bodies, and TMF operators in 
European Community and former Soviet Union 
countries, responsible for the safety of facilities 
storing hazardous mining wastes. 


The main task of THI method is to develop a 
simple and easy-to-use procedure to rank a large 
number of tailings by their hazard using rough 
criteria for basic and critical parameters of TMFs, 
primarily, on the national level. Additionally, the 
THI method can be used for development of nation- 
al databases on hazardous TMFs, which requires a 
systematic approach to ranking facilities. 

Both international and national requirements have 
to be accounted for development of the hazard 
evaluation method as well as recent experience in 
mining facility operation and closure. 

The hazard of TMFs as complex geotechnical 
systems can be characterized by various indices of 
different nature. Most of previous assessment ap- 
proaches were focusing on some individual aspects 
of tailings features and impacts. The specifics of the 
proposed THI consist in keeping the balance be- 
tween growing demand on consistency and trust- 
worthy of environmental assessment on the one 
hand, and data availability and accessibility to final 
users, on the other hand. 


2 METHOD ESSENCE 


In analysis of the TMF impact on the environment 
and public health and safety we clearly discriminate 
the terms “risk” related to likelihood of damage and 
“hazard” related to actual threats to the environment 
and human beings. Thus, the approach to evaluate 
TMF impact is based on the assessment of real 
threats rather than probabilities of damage. 

The THI method is intended for the use by state 
competent authorities as a toolkit to briefly overview 
the potential threats posed by a large number of 
TMEs by analysis of a few critical parameters based 
on the documentation available. Apart from creation 
and/or update of the country’s catalogue of TMFs the 
THI method is capable to identify the most dangerous 
TMFs (the TMFs of highest concern) and to optimize 
the usage of limited financial and institutional re- 
sources aimed at improvement of TMF safety. 

The THI is a dimensionless parameter calculated 
by summing up the partial hazard indices quantify- 
ing the significance of various impacts on TMF 
safety. These are: 

— capacity of tailings; 

— toxicity of substances in tails; 

— TMF management quality; 

— natural conditions (e.g. geological, seismological, 
and hydrological conditions) specific to the TMF site; 

— and dam safety. 

THI is calculated stepwise by the formula: 


THISTHIcapt THI Toot THI Manag t THI sitet TH pam: (1) 
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where THI¢,, — the hazard caused by the amount of 
tails (TMF capacity), TH/,,, — the hazard caused by 
toxicity of substances contained in tailings, 
THIvanag— the hazard caused by improper, man- 
agement of facilities, TH/;;,. — the hazard induced by 
location of the TMF in the area with specific geo- 
logical and hydrological conditions, THIpam — the 
dam failure hazard (weaknesses in structural and 
component integrity and functionality). 

Some data needed to quantify THI properly may be 
unavailable in the TMF country’s database, e.g. 
Factor of Safety as the most representative and criti- 
cal parameter for dam stability. In this case the other 
(alternative) rougher criteria should be applied that 
require other parameters, much easier to obtain and 
commonly available in TMF databases. This way 
makes TMF Checklist users more flexible in applying 
the appropriate criteria regarding to data availability. 

The calculation procedure includes five steps. In 
case if some values unavailable or impossible to 
identify the maximum values for relevant hazards 
have to be specified. Thus, the hazard is expected to 
be higher if relevant information is absent. 

The other parameters important to environmen- 
tal safety can be derived on the base of THI such 
as the overall country THI, the average country 
THI, and these two indices related to the country 
area. It should be noted that the overall THI pro- 
portional to all TMF capacity will be obviously 
higher for the countries with extensive mining and 
large amount of TMFs like USA, Australia, 
Ukraine, and Canada. In contrast, the average THI 
might be higher for small countries with a few 
TMEs storing dangerous materials, like toxic non- 
ferrous metal ore wastes. 


3. HOW TO CALCULATE THI? 


1° Step: Capacity. The TMF capacity hazard is 
assumed to correlate to the growing volume of 
stored tails by logarithmic relation with the base of 
10. Thus, increasing the volume of stored tailing 
materials by 10 times (one order) will increase this 
hazard value by 1.0, which allows grading the TMF 
capacity hazard in easier and understandable way. 

The TMF capacity hazard is calculated by the 
formula: 


THI cap = logy [Vi], (2) 


where V; — the volume of tails in the TMF (or TMF 
capacity), Mio m°. 

Examples. For a large TMF with V,= 10 Mio m’ 
we obtain TH] cq, = log o[ 10000000] = 7. For a small 
TMF with V,=0,01 Miom? we _ obtain THI- 
Cap = 108 0[ 10000] = 4. 


2" Step: Toxicity. The tailings toxicity hazard is 
evaluated according to the national classification. 
The compatibility of two widely used toxicity clas- 
sifications is shown in Table 1. The Ukrainian 
classification is applicable also in most of former 
USSR countries. According to Table | the notations 
“WGK 3” or “CH 1” relate to maximum toxicity of 
substances, the notations “WGK 0” or “CH 4” 
relates to minimum substance toxicity. 


Table 1. Evaluation of THIrox. 


Classification Value of 
WGK (WHC) Class of Hazard” TH I tox 
“0” “4” 0 
pale “3” 1 
Dk ‘207 2 
30 mele 3 


" WGK = Wassergefahrdungsklasse (WHC = Water Hazard 
Class), German classification; 
CH = Class of Hazard, Ukrainian classification. 


3" Step: Management. The hazard caused by im- 
proper management of TMF — assumed to be higher 
if the facilities are abandoned or orphaned. The value 
of THI manag — determined according to Table 2. 


Table 2. Evaluation of THI yanag. 


TMF is identified as oa 
Active and operated, or 0 
Non-active and cared and maintained 
Abandoned or orphaned 1 


4™ Step: Site hazards. The site-specific hazard of 
the TMF includes the contributions of seismic and 
flood hazard, which are the most critical for TMF 
safety among natural impacts 


TH site H TH seismicity g THI Flood- (3) 


The seismic hazard TH] seismiciny — evaluated using 
geophysical data and maps on quake intensity. 
Commonly, these data are available in domestic 
requirements to construction safety. The value of 
TH seismicity depends on seismic event magnitude at 
the probability 10% in scales MSK-64 or EMS-98. 
The seismic hazard to the TMF is evaluated accord- 
ing to Table 3. 


Table 3. Evaluation of TH seismicity. 
Magnitude of seis- 


Seismic risk at the een Value of 

TMF location area 8 TH seismicity 
last Tre; years 

Low <6 0 

Moderate or high >6 1 
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Here Tre — returning period of earthquakes that can 
be defined by international or national requirements if 
the latter are stricter than international ones. 

Example. According to international requirements 
Tre is established at 475 years (Cruz et al. 2004, 
EUROCODE 8 2003), the Ukrainian standard (Con- 
struction in seismic regions of Ukraine 2006) re- 
quires Tp.,= 500 years for 10% probability of higher 
quake magnitude; thus, both standards can be ap- 
plied to Ukrainian tailings facilities. 

The flood-induced hazard THIFriooa— evaluated using 
statistical data on frequency of floods and, specifical- 
ly, the parameter HQ 0) that quantifies flood event 
frequency with a one-hundred-year return period 
(floods with a probability of 1 in 100). The flood- 
induced hazard at the TMF location area is evaluated 
according to Table 4. The levels of HOjo9 have to be 
updated annually regarding to climate changes. 


Table 4. Evaluation of THI rood. 


TMF location Value of TH] rood 
In the area of HO; l 
Out of the area of HQ100 0 


5"" Step: Dam. The dam failure hazard THI pam can 
be calculated in two ways. 

1. Preferred criterion. If Factor of Safety (FoS) 
(Coduto 1999, Fredlund et al. 2012) is available in 
TMF databases for all facilities THIpam 1s calculated 
using two criteria based on slope stability (FoS) and 
TMF age by the formula: 


TH] pam = TH p95 + TH tees (4) 


where THI/;,; — the hazard of dam failure due to 
slope instability evaluated according to Table 5 
(FoS has to be calculated already at the TMF design 
stage); THI 4... — the hazard caused by aging the dam. 

2. Alternative criterion. If Factor of Safety 1s un- 
available in TMF databases THTp,,, 1s calculated 
using the criteria based on dam material and geome- 
try and TMF age by the formula: 


THI pam = THI pamMaterial F TH pamwiath + TH jcc, (5) 


where THI[pamMaterial — dam embankment material; 
THI pamwiah 1S dam crest width, m. 


Table 5. Evaluation of THIros (preferable criterion). 


FoS range Value of THIros 
FoS > 1.5 0 
1.2< FoS <1.5 1 
FoS <1.2 2 


The dam failure hazard is assumed to increase for 
aged facilities, as shown in Table 6. 


Table 6. Evaluation of TH]... 


TMF age Value of THI Age 
< 30 years 0 
> 30 years 1 


For the alternative criterion (eq. (5)) the hazards 
caused by improper dam material THI pamMateriaı and 
narrow and weak dam width have to be evaluated by 
Tables 7 and 8. 

The embankment constructed of a hard/blast rock 
is assumed to be more stable than the embankment 
of non-hard rocks or soils (earthen dams). In case if 
this material is unknown it can be identified by 
tensile strength at uniaxial compression Opc. For 
hard rocks Opc>5 MPa, for non-hard rocks and 
soils Opc< 5 MPa. 


Table 7. Evaluation of TH] pammateriai (alternative criterion). 


Embankment material Value of THI pamMaterial 
Hard rocks 0 
Non-hard rocks and soils 1 


The dam is assumed to be more stable if the dam 
crest width (and obviously, the dam basement) is 
sufficiently large to retain stored tails in the im- 
poundment. 


Table 8. Evaluation of TH] pamwian (alternative criterion). 


Dam width Value of THI pamwidin 
>10m 0 
<10m 1 


4 THI METHOD APPLICATION 


For the correctness of THI calculation all TMFs 
should have the same dataset. In case of absence of 
some information the missing data are replaced with 
the values meeting the worst case in terms of TMF 
safety. For example, if there are no data on tailings 
materials the user has to specify the highest value 
for their class of hazard. If no specific information 
provided for coal ash tailings facilities the user 
defines the class of waste hazard by accepting the 
typical value for this material. 

The special spreadsheet and template have been 
designed in MS Excel to calculate the tailings hazard 
index for TMFs. The file contains the available data 
on facilities, geology, hydrology, seismicity, site 
management, and the dam. The spreadsheet includes 
for each TMF site its name, location specified as 
latitude and longitude in world coordinates, capacity, 
information on the material stored, TMF status de- 
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pending on how the site is managed, maximum 
seismic activity, flood frequency parameter HQ, 0, 
FoS (if available) commissioning year, embankment 
material and crest width. 

Using Excel spreadsheets allows calculating total 
THI and partial hazard indices as well as plotting 
the results automatically. Then the user can select 
the top hazardous TMFs by applying appropriate 
numerical filters. 

The database used for testing the THI method con- 
tains information on 153 Ukrainian TMFs (data 
provided by Kharkiv’s Research Institute of micro- 
graphs State Archival Service of Ukraine under the 
contract Nel/12-14 dated 21-08-2014), which is 
likely the most representative dataset collected on 
the national level (Figure 1). The results of evalua- 
tion (Figure 2) allow discriminate several groups of 
TMFs depending on the THI value. 

The majority of tailings are situated in two east- 
ern regions of the country on the Donetsk coal basin 
area (78.4% of total amount). There is a group of 
small facilities of less than 1 Mio m* capacity near 
mines and chemical plants using coal as raw materi- 
al. In general, their THI is below 8. 

The second group consists of mid-scale TMFs of 
a few Mio m° capacity located mostly in the east 
of the country with THI ranging from 8 to 12 (total 
87 TMFs). 

The 13 TMFs of highest concern with THI > 12, 
are situated throughout the country; among them 5 
facilities in eastern regions, 5 facilities in the west, 
2 facilities in Centre and South, and 1 facility in the 
North of Ukraine. 

The analysis of THI distribution shows that ca- 
pacity and toxicity of materials contribute 60 — 80% 
to the total THI for almost all TMFs; these parame- 
ters are considered the most critical in terms of 
environmental impact of tailings. 

There are a number of other factors to be taken 
into account in the future to improve and refine the 
developed THI method. Drying up tails may 
threaten the environment and population as a result 
of blowing out dangerous particulate; this hazard 
typical for arid zones can be evaluated by adding 
the criteria based on wind velocity and precipita- 
tion-evaporation balance. Close location of TMFs 
to settlements and residential areas amplifies the 
tailings hazard, which can be considered by the 
criteria evaluating distances from tailings to poten- 
tial targets. 

Proper assessment of all TMF-caused hazards re- 
quires both development of new robust criteria and 
accumulation of relevant data. 
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Figure 1. Locations of Ukrainian TMFs and their hazard evaluation/ 
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Figure 2. Distribution of Ukrainian TMFs by Tailings Hazard Index. Bottom axis labels show TMF enumeration in the 


database sorted by THI increase. 


5 CONCLUSIONS 


The Tailings Hazard Index (THI) has been devel- 
oped and introduced as the overall parameter capa- 
ble to rank the large amount of TMFs by their haz- 
ard on the national level. The THI integrally consid- 
ers the contributions of the partial hazard indices 
quantifying the significance tailings capacity, toxici- 
ty of tailing materials, TMF management quality, 
natural conditions specific to the TMF site. THI 
method is available in Excel format, which facilitate 
its practical use. 

The analysis of THI method application to rank- 
ing the hazards of Ukrainian TMFs enabled discrim- 
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inating three TMF groups by capacity and total 
hazard. Besides, the TMFs with highest THI values 
have been selected as the target group to urgently 
take appropriate safety measures. 

The approval of the THI method on the gov- 
ernmental level will promote to primary check of 
all TMF, identification of existing hazards and 
creating the country’s catalogue of TMF. In the 
period ahead the THI method can be implemented 
as a GIS for making decision in environmental 
policy and used both on the national level and by 
international organizations for identifying trans- 
boundary threats to population in the areas with 
hazardous sites. 
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ABSTRACT: Nowadays the development of oxide ore deposits of Kryvyi Rih iron ore basin is mined by 
underground methods. All ore deposits have been opened by vertical shafts which are located in the footwall 
of the deposit. Under this opening scheme increasing of mining depth leads to rising of capital and running 
costs of opening workings drifting. The authors propose a technique for further mine development by using 
inclined haulage working. These opening schemes use load-haul-dump equipment. Taking into account that 
inclined opening working has large rock cross-section and intersects the layers with different physical and 
mechanical properties it is necessary to ensure its stability for the whole period of operation. Danger zones 
on the underground working contour depending on the physical and mechanical rock properties are identified 


by performed studies. 


1 INTRODUCTION 


There are about 23.2 billion tons of iron ore depos- 
its, which are currently developed both open pit and 
underground methods in Kryvyi Rih basin. Oxide 
iron ore deposits (iron content is more than 55%), is 
developed by underground methods and their re- 


Table 1. Iron ore reserves distribution (Stupnik et al. 2014). 


Mining enterprise 


PJSC “ArcellorMittal Kryvyi Rih” 
PJSC “Kryvbaszhelezrudkom” 
PJSC “Kryvbaszhelezrydkom” 
PJSC “Euraz Sukha Balka” 

PJSC “Euraz Sukha Balka” 


PJSC “Kryvbaszhelezrudkom” 
PJSC “Krivbaszhelezrudkom” 


As Table 1 shows Artem mine, Frunze mine and 
Lenin mine are approaching to the final counting 
depth of oxide iron ore balance reserves. At present 
development scheme the above mentioned mines 
can operate from 2 to 4 levels. 

Mining in the underlying levels consists of fol- 
lowing basic operations: shaft sinking, hoists re- 
placement, construction of pit bottom with crushers 
and bunkers on the haulage level, crosscut, haulage 
gate and ort drifting. 

According to the condition of iron ore deposits 
development by underground method it is feasible 


Mining plant 


Artem mine 
Mine “Rodina” 
Mine “Oktyabrskaya” 
Frunze mine 
Mine “Yubileynaya” 
Mine “Gvardeyskaya”’ 
Lenin mine 
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serves is about 2.3 billion tons up to the depth of 
2000 m (Stupnik et al. 2013). 

At present mines of Kryvyi Rih iron ore basin 
operate below the 1135 m level. Balance reserves 
of iron ore within the existing iron ore enterprises 
with underground mining is about 1.1 billion 
tones (Table 1). 


Depth, m Balance 
mining ore reserve reserves, 
operations calculation min. t 

1135 1315 120 
1390 1765 160 
1265 2015 570 
1135 1580 40 
1260 2060 160 
1270 1990 100 
1350 1500 80) 


to perform the construction of main level in condi- 
tions when level working lasts for 5 — 10 years, and 
level reserves are 45 — 60 million tons or more. 

Iron ore mined by enterprises of Kryvyi Rih basin 
is characterized by relatively low price compared 
with foreign enterprises and high content of harmful 
impurities, silica in particular. 

Iron ore market is characterized by volatility in 
the demand and pricing, as well as highly sensitivity 
to general economic cycles. Therefore, further min- 
ing of ore deposits at deep level using obsolete 
opening and development schemes, development 


systems, as well as technological backwardness and 
heavy wear of main production capacity, signifi- 
cantly reduce the financial flexibility of mining 
companies and increase the sensitivity of the com- 
pany to crisis (Stupnik et al. 2012). 

In order to maintain the volume of exports and 
strengthen its position in the global market of iron- 
ore raw materials, mining companies need to reduce 
the production cost; eliminate the previous backlog 
of new deep levels construction; improve product 
quality and increase production capacity. 


2 STATEMENT OF THE PROBLEM 


One of the technical solutions for reduction the cost 
of ore mining is to change the way of opening new 
levels that will not only eliminate the backlog of 
new levels construction, but also successfully in- 
crease the production capacity of enterprises. 

For this purpose, the authors have analyzed some 
alternatives of opening new levels, which differ by 
methods of ore mined transportation along main 
opening workings, as well as the used type of min- 
ing equipment. 

Let’s examine some variants of opening new lev- 
els using inclined opening workings with the use of 
conveyor transport and powerful self-propelled 
equipment by an example of Artem mine, PJSC 
“ArcelorMittal Kryvyi Rih”. 
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3 THE RESULTS OF STUDIES 


At present, the iron ore mining at Artem mine is per- 
formed at the depth of 1045 m with the stoping face 
development of 1135 m level. According to the geolog- 
ical conditions, iron ore extends to the depth of 1315 
m, the balance reserves in projected 1315 -— 1045 m 
levels is not more than 120 million tons (Table 1). 

Deposits of iron ore of Artem mine is opened by 
the main, servicing and air vertical shafts. At pre- 
sent, the height of the level is 90 m. The estimated 
reserve distribution on the levels is 1135 — 1045 — 
60 million tons; 1225- 1135-35 million tons; 
1315 — 1225 — 25 million tons. 

The traditional opening scheme of vertical shafts 
and their further sinking to the 1315 m level will inevi- 
tably lead to an increase in production costs, and in 
some cases reserve development will be impractical. 

Let’s examined three alternatives of opening of 
1225 m mining level using an existing 1045 m main 
haulage level and the following: 

—inclined haulage working with conveyor track 
from level 1225 m to 1045 m (Figure 1); 

— inclined haulage working from level 1225 m to 
1045 m, and transportation of ore mined by under- 
ground dump with capacity of 40 — 50 t (Figure 1); 

— spiral inclined ramp to 1045 m main haulage 
level from level 1225 m (Figure 2). 

It should be noted that above mentioned opening 
schemes of underlying levels do not involve sinking 
of the main wind up shaft. 
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Figure 1. Opening schemes of underlying levels using inclined haulage working with conveyor track or transportation of 


ore by powerful self-propelled equipment. 
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Figure 2. Opening schemes of underlying levels using inclined spiral ramp and transportation of ore by powerful 


self-propelled equipment. 


The essence of the first variant is as follows: there 
is inclined haulage working from 1045 m level to 
1225m level. The mouth of inclined working is 
located near the measuring bunker which is below 
the 1045 m level. To ensure high technical and eco- 
nomic indices of production, as well as ensuring 
minimum capital and running costs it is necessary to 
drift an inclined working at an angle of 16—18 
degrees, with a maximum length of 300 — 500 m. 

When using powerful self-propelled equipment it 
will be necessary to build the spiral inclined ramp 
for delivering self-propelled equipment from the 
1045 m main haulage level to 1225 m mining level. 

The advantages of this opening scheme variant 
are as follows: 

-the possibility of increasing the annual capacity 
of the underground mine up to 3.0 — 5.0 million tons 
or more; 

— fast putting into operation of the mining level; 

—reducing the length of mine workings: main 
crosscut 1.5 — 2.0 times 

The essence of the second variant is as follows: 
opening the level at 1225m is carried out by 
straight way inclined working from 1045 m level to 
1225 m level. Inclined haulage working is drifted by 
section of 20—24 square meters at an angle of 
20 — 24 degree. 

Mined rock mass from stoping faces of 1225 m 
level is transported by underground dump to the 
1045 m level to the dumping stations and then is 
transported to the main shaft by the locomotives. 


41 


The length of the inclined haulage working com- 
pared with the conveyor track is reduced by 
1.2 — 1.5 times. 

The advantages of this opening scheme are as 
follows: 

— increasing the annual performance of the under- 
ground mine up to 5.0 million tons or more; 

—decreasing the date of putting into operation 
of the mining level by 1.5 — 1.7 times; 

—reducing the length of main crosscut by 
1.7 —2.5 times. 

The essence of the third variant is as follows: 
opening the level at 1225 meters is carried out due 
to driving of inclined spiral ramp from the level of 
1045m on the mining level. Directly from the 
mouth of the spiral ramp on the 1045 m level dump- 
ing station is installed. 

Rock mass issue is carried out by underground 
dump from stoping faces of 1225 m level along the 
spiral ramp to dumping stations located on the 
1045 m level and then loaded onto trucks that deliv- 
er ore to the main shaft. 

The advantages of this opening scheme variant 
are as follows: 

-the possibility of increasing the annual capacity 
of the underground mine up to 3.0 — 5.0 million tons 
or more; 

— fast putting into operation of the mining level; 

—reducing the length of mine workings: main 
crosscut 1.5—2.0 times and the haulage working 
between the levels 2.0 — 3.0 times. 


Feature of the given schemes of opening is that, 
compared with the conventional scheme opening 
(vertical shaft) mine performance with increasing 
depth of development remains constant or increases. 

The results of the feasibility study for the pro- 
posed options are listed in Table 2 and shows that 
the most cost-effective option is opening of 1225 m 
level using a spiral ramp. Under this option, you 
must take a minimum number of underground work- 
ings at 5023 m; the given costs will also be minimal 
and up to 26.86 million UAH. 


Operating expenses for the traditional pattern of 
opening is more in 1.7 — 2.0 times. This is connect- 
ed to the fact that the annual performance of the 
mine does not exceed 1.5 million tons, and the time 
on working off reserves increases by 5 — 10 times. 

It should be noted that using a scheme of open- 
ing by spiral ramp material costs for the purchase 
of a powerful self-propelled equipment, its repair 
and depreciation is increased 3—7 times com- 
pared with traditional schemes of opening by ver- 
tical shafts. 


Table 2. Feasibility studies for drifting of underground development according to schemes of opening. 


Scheme of opening 


Indices by vertical by inclined by inclined haul- by spiral 
shaft conveyor shaft age working ramp 
= ea of the mine workings, m 6791 5857 5942 5023 
— vertical, m 1710 1330 1330 1330 
— horizontal, m 5081 4107 4232 3443 
— inclined, m — 420 380 250 
Capital costs, mln. UAH. 273.8 210.3 202.2 192.0 
Operating costs, mln. UAH. 23.0 16.3 12.6 11.5 
Given costs, mln. UAH. 44.90 33.12 28.78 26.86 
Annual output, mln.t 1.0-1.5 3.0— 15.0 5.0 — 10.0 5.0 — 10.0 
Given costs for level opening 96 99 88 86 


at 1225 m, UAH/t 


The proposed schemes of opening have one major 
drawback is providing the sustainability of main 
opening inclined working for the entire term of re- 
serves development to the final depth. 

The use of powerful self-propelled machinery for 
underground mining operations will require a signifi- 
cant increase in cross-sectional area of mine work- 
ings. Cross-sectional area of mine workings in under- 
ground mining for various types of mobile equipment 
is given in Table 3 (Korolenko et al. 2012). 


Table 3. Rock cross section depending on equipment used. 


Name of under- Rock cross section using, m? 


ground mine traditional self-propelled 
workings equipment equipment 

Capital 12—14 18 — 24 
Preliminary 8—12 16-20 
In the block: 

— drilling 8 — 10 12-18 
— cutting 4-6 8 — 10 
— raising 2.25 —4 2.5-4 
— ore delivering 4-7 10-12 
— dumping rooms — 22—25 


From the above table 3 it is shown that the cross 
sectional area of mining using powerful mobile 
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equipment is increased by 1.5— 2.0 times in com- 
parison with the use of traditional equipment. 

The increase in cross-sectional area of mining 
leads to an increase in capital and operating costs 
due to increased area of exposure and reduce the 
stability of the mine workings. 

Rock mass of Kryvyi Rih basin is heterogeneous, 
so on the same depth in the mine workings influence 
different forces that lead to different strains and as a 
consequence — to increase the cost of maintaining 
the mine workings. 

In order to reduce operating costs, consider the 
stress distribution around mine workings with the 
identification of dangerous areas on the working line. 

According to research tension and contraction 
stresses act around working (Stupnik et al. 2012). If 
the contraction stresses in the working sides exceed 
the tensile strength of rocks in compression, it is 
destroyed, thus there is an increase in the span of 
exposure and flattening of the line of arch part that in 
turn leads to the appearance of the roof of the tensile 
stress with subsequent formation of roof arch. 

Carried out analyses yielded the equation of de- 
structive pressure generated by stresses in the mass 
on the arched working line for homogeneous rocks 
taking into account current tectonic stresses arising 
in the rock mass: 


r -Tosin ô 


P (1) 


w.l. 


= + —_____________ , 
sin 28 -r° -cos B -tgp 


where r — the radius of arched part of mine working, 
m; 7, — initial shear resistance, t/m?; 6 — the angle at 
which the load acting on the working outline, de- 
gree; f—angle of rock displacement, degree; 
p-— angle of internal friction of rocks, degree. 

If the destructive pressure determined by the ex- 
pression (1) is greater than the normal stress gener- 
ated by rocks in the mass, the working will be stable 
when the value of the normal stress in the rock mass 
will be more than destructive pressure, the working 
will be subject to deformations on the line under the 
angle ô. The results of calculations according to 
expression (1) are shown in Figure 3. 
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Figure 3. Dependencies of the value of the current stress 
on the working outline above zone of influence of room 
works from the corners of the stress and displacement of 
rocks in a homogeneous rock: 1 — 3 respectively the angle 
of displacement of rocks 55.60 and 65 degrees. 


From the graph shown in Figure 3, it 1s seen that 
the limit equilibrium is disturbed by the working line 
at an angle of 55 to 65 degrees depending on the an- 
gle of rock displacement. So at displacement angle of 
55 degrees maximum shear force on the working line 
acts at an angle of 65 degrees, and with increasing 
angle of displacement up to 65 degrees angle of shear 
force decreases and acts at an angle up to 55 degrees. 

In bedded rocks on the working line inrush for- 
mation area is formed, the cause of which is the de- 
crease in strength between beds. The values of rock 
strength on the contacts between the beds are much 
smaller, so the destruction of the rock will be at the 
contact between the rocks. Inrushes border around the 
perimeter of the arch of mine working is limited by 
angles 6,,; and @,,2 determined by the formula: 
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The height of the forming arch corresponds to the 
new working line, in which acting tensile stress is 
equal to the rock strength on the uniaxial tensile. 
Then the height of the arch, after deformation of 
rocks on the line of mine working is determined by 


the formula: 
a Z) i 
l-u Oo 
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(3) 


where Ah — deformation of the original height of the 
arch generatric of unstable equilibrium of tensile 
stress, m; h, — height of forming arch, m; u — Pois- 
son ratio; o, — tensile strength of rock, t/m’. 

Thus, having determined the zone of maximum 
acting destructive force on the working line, as well 
as arching parameters, taking the necessary 
measures to prevent the destruction of the of mine 
working. These activities include: installation in a 
particular area of reinforced fixing, roof bolts instal- 
lation, the use of injections to prevent inrushes. 


4 CONCLUSIONS 


The studies found that the use of the offered options 
of opening in finalizing balance reserves at deeper 
depths will allow: to reduce capital and operating 
costs for the maintenance of mine workings; to in- 
crease mine productivity with increasing depth of 
the mine development. 

In order to ensure the sustainability of mining in 
the operation parameters and zone of inrushes on 
the working line are defined, as well as the location 
of the most dangerous sections of the possible de- 
struction of the working line. 

The necessary measures to prevent the destruction 
of the mine workings and keeping them in a safe 
condition are given. 
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ABSTRACT: Frame-anchor support’s construction and mathematics equations for calculation of parameters 
that conduct high resistance to side loads without increasing of frame’s metal-content is given. The conclu- 


sions are drawn at the end of the paper. 


1 INTRODUCTION 


Experience of conducting and supporting of extrac- 
tion workings with hard mine-geological conditions 
(Bondarenko 2010) shown that in most cases signifi- 
cant loads on frame support appear from the side of 
mine workings bottom. In this regard appears plastic 
deformations of frame props that decreases bearing 
capacity of support totally. 

Analysis of reasons of mine workings destruction 
and conducted mine research (Kovalevska 2011) al- 
lowed to develop rational for hard mine-geological 
conditions construction of support from special pro- 
file with inclined props that forced by anchors with 
possibility of limited-and-yielding displacements on 
bed plates. 


2 CONSTRUCTION, INSTALLATION 
AND FUNCTIONING OF SUPPORT 


Support includes frame from special profile that 
consists of props /, beam 2, yielding units 3, de- 
mountable bed plates 4 with anchors 5 and head- 
boards 6 (Figure 1). 

Demountable bed plate 4 executed as pressed tra- 
pezium-shaped element with bent up side limit plat- 
forms 7, horn & and anchor hole 9 (Figure 2). 

Frame support is installed in the following way. 
Bed plates are settled on the working bottom 4, 
turned beam up and small foundation to the middle 
of mine working, where installed props of frame 1 
support with further beam fastening 2 by means of 
yielding unit 3. The position of prop on bed plate 
fixes horn 8. 
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Figure 1. General view of tent-shaped frame-anchor support. 


Then through holes 9 anchor bores 5 are drilled, 
ram to bores binding solution, add rod and connect 
with bed plates. After that headboard 6 1s installed 
on support contour and backfilled area. 

Support works in following way. Props / of frame 
under the influence of moving inside rock walls of 
mine working load and slide on hard fixed by means 
of anchor 5 bed plates 4, contact with internal surfac- 
es of limit platforms and according to growth of side 
pressure overcome reaction. Then moving to bed 
plates in hard mode before props blocking between 
limit platforms and anchor is happened. 





Figure 2. General view of bed plate before (a) and after (b) 
yielding exhaustion with further interaction with support 
prop in hard mode. 


Whereupon props are working in hard mode and 
fully transmit the load, but this load significantly less 
than initial because of hard-yielding mode of support 
work. Additional reaction of prop near foundation in- 
creases frame steadiness at all. 


3 SUBSTANTIATION OF SUPPORT 
PARAMETERS 


Bearing capacity of unclosed frame support de- 
creases under the influence of bottom rocks heaving 
that displaced props of support in consequence of 
rock deformation in mine working’s cavity 
(Bondarenko 2014). At this, props recline against 
moving rock layer and displaced together with it by 
means of friction forces. Hence in hinges at the sup- 
port A and B (Figure 3) appear additional force that 
acting on frame props and is equal to (in the limit) 
multiplication of vertical reaction of prop at the side 
of foot piece on friction coefficient fic of metal. 
According to the stated, computational scheme 
for uniform distribution of pressure q that differs 
from well-known schemes for double-hinged frame 
by means of horizontal reaction in hinges A and B 


and is equal to = J fie iS built. At such load distri- 


bution (even at insignificant absolute value) in dan- 
gerous crosscuts of frame significant moments of 
resistance which cause plastic deformation with fur- 
ther destruction are acting. 
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Figure 3. Computational scheme of frame-anchor support. 


Frame props in new construction of support are 
installed incline to vertical on the angle a, in places 
of supporting on rock with angle a, for prevention 
such event. At this, during change of anchor Q reac- 
tion value we can lead to minimum acting maximal 
moments M max Of resistance in frame. 

Moments of resistance maximum are situated 
whether in frame arch key (ø = 0) or in crosscuts 
with coordinate øọ symmetrically in sides of mine 
working. That is why it is necessary to minimize ab- 
solute values Mmax through the parameter Q and to 
determine optimal value Qo which is corresponded 
to minimal value of moment of resistance in possi- 
ble dangerous crosscuts of frame. 

Parameter Qo is determined at combined equations 
solution that describe functions M,,,,(Q) for all dan- 
gerous crosscuts of frame: 
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where /, — distance between frames; / — mine work- 
ing’s width; A — height of frame arch key center; 
f — ratio of side load on support to vertical one. 

Calculations have shown that value of anchor reac- 
tion significantly impact on change of maximal mo- 
ments of resistance along the frame contour. Thus, 
deviation Q from the value Qp on 20 — 30% increases 
Max 1 2 —3 times and more for which reason it is 
necessary to use frames with increased bearing capac- 
ity (consequently with more metal-content). 


Minimal values of maximal moments of resistance 
(Mnax)min ace depend upon set of parameters, includ- 
ing mine working’s width /, height of frame arch key 
center, props angle of inclination to vertical axis of 
mine working a and coefficient /. 


(M max Jo 
q 
support props angle of inclination a shown that with 


Analysis of deviation dependence to 


(M max m 

q 
ure 4). At this, beginning from a= 10° curves are 
flattened, in consequence of which further increasing 
Gy 1S Inappropriate and leads to unjustified increasing 
of mine working’s width. That’s why in support 
TSSS-1 (Tent-shaped Specialized Support) props an- 
gle of inclination is equal to a, = 10°. 


increasing of o, ratio is decreased (Fig- 





Figure 4. Dependence of ratio — nin from props an- 
q 

gle of inclination at 1—-f=0.25; 2-f=0.5; 

3- B=0.75. 


Moment of resistance’s maximum increases with 
the growth of parameters / and h (Figure 5). At this, 


max /min 


q 
limits / = 0.5 — 1 m. That’s why in developed stand- 
ard sizes of support height of arch key center chang- 
es in given interval. 
Dependence of moments of resistance form ratio 
p of sided and vertical load on mine working sup- 
port is clearly observed. Ratio decreasing 


the lowest values of ratio is possessed in 


(M max = 


q 


with the growth of p is caused by means 
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of anchors in support props are designed to re- 
sistance of side loads and bottom heaving. 





. . (M pax) j, : 
Figure 5. Dependence of ratio -—————““ from mine 
q 
working width / (- --- ) and height of its arch key 


h (—> at: 1 - p = 0.25; 2 — p = 0.5; 3 — p = 0.75. 





That’s why the more such loads in total balance 
of forces, the better to manage of stress state of sup- 
port with help of anchor reaction. 

Value of anchor reaction Q is caused by frame 
props deformation. System “frame-anchor” strives 
to get in balanced condition with minimal internal 
energy that depends upon stress-strain state. In this 
case bearing capacity of anchor strives to optimal 
value Qo, at which stresses in dangerous crosscuts of 
arch are minimal. At anchor bearing capacity less 
than Qo, optimal deformation mode of system is im- 
possible for realization, because it can break or will 
slip over the walls of shot and contributes to devel- 
opment of plastic deformations in dangerous cross- 
cut of frame. That’s why bearing capacity of anchor 
should be more or equal to Qo. 


4 CALCULATION OF ANCHOR 
PARAMETERS 


Anchor diameter is determined by the formula: 


d=2 | £0 
IO jig 


l (4) 


its strengthening length in shot (5): 
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where d, — shot diameter; Ong — liquid limit of rein- 
forcing bar; Taic — tangential stresses of permanent 
friction; k— adhesion of strengthening layer with 
rock walls of shot; G, and G,.— transverse modulus 
of strengthening layer and rock; E, Ee and E, — elas- 
tic modulus of reinforcing bar material that 
strengthening layer and rock; u -— coefficient of ma- 
terial transverse deformation of reinforcing bar; 
Sic — friction coefficient of strengthening layer 
against rock. 
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5 CONCLUSIONS 


1. Construction of frame-anchor support with in- 
creased resistance to side loads is developed for 
hard mine-geological conditions with predominant 
side displacements of near-the-contour rocks of 
mine workings. 

2. Decreasing of side load on frame-anchor sup- 
port is conducted by limit-yielding mode of dis- 
placement along the horizontal of frame props that 
increasing steadiness of mine working at all during 
minimization of frame metal-content. 


REFERENCES 


Bondarenko, V., Kovalevs’ka, I., & Fomychov, V. 2012. 
Features of carrying out experiment using finite-element 
method at multivariate calculation of “mine massif — 
com-bined support” system. Geomechanical processes 
during underground mining. The Netherlands: CRC 
Press/Balkema: 7 — 13. 

Bondarenko, V., Kovalevs’ka, I., Svystun, R. & Chered- 
nichenko, Yu. 2013. Optimal pa-rameters of wall bolts 
computation in the united bearingsystem of extraction 
workings frame-bolt sup-port. Mining of Mineral Deposits 
2013. The Netherlands: CRC Press/Balkema: 5 — 9. 

Kovalevska, I., Fomichev, V. & Chervatuk, V. 2011. The 
problem with increasing metal-content of a development 
working ’s combined support. Technical and Geoinfor- 
mational Systems in Mining. The Netherland: CRC 
Press/Balkema: 23 — 29. 


Theoretical and Practical Solutions of Mineral Resources Mining — Pivnyak, Bondarenko & Kovalevska (eds) 
© 2015 Taylor & Francis Group, London, ISBN: 978-1-138-02883-8 


Solution of nonlinear programming problem 
by Bellman method while optimizing the 
two-level mining of benches in deep open pits 


S. Moldabayev 


Kazakh National Research Technical University named after K.I. Satpayev, Almaty, Kazakhstan 


B. Rysbaiuly 


International Information Technologies University, Almaty, Kazakhstan 


ABSTRACT: An algorithm is proposed to optimize the values of current overburden ratio via optimization 
of overburden and ore volumes by mining stages. Universality of such method provides a solution to a prob- 
lem of nonlinear optimal control by Bellman dynamic programming method. At each step of constrained 
optimization the fulfillment of sufficient optimality condition in stationary points of objective function is 
proved. Thus at each step of iteration the optimal solutions of problem do not leave the range of permissible 
values. As a result the simplified algorithm of mining operations’ schedule optimization has been generated 


for designing a dynamic pit model. 


1 INTRODUCTION 


At the current stage of pits development the prefer- 
ence is given to create their dynamic models, which 
are based on the optimal schedules of mining mode. 
The best technical and economic parameters are 
achieved for the operational period of designing while 
providing their equal annual performance by rock 
mass at every stage of open pit mining. As a result of 
executed researches it was found that the dependence 
between over-burden and mining operations can be 
reduced through the provision of commensurate de- 
velopment of mining operations between all the 
benches of working area with minimal current vol- 
umes of the first one. 

One way to achieve such mining development is to 
jointly use two new technologies: a two-level mining 
of benches by crosscut panels with the construction of 
temporary openings to surface in certain locations of 
open-pit field (Rakishev & Moldabayev 2012) and 
the formation of work front of work zones’ benches 
perpendicular to the work front of benches of abrupt 
loading face (Rakishev & Moldabayev 2014). The 
predesign studies showed that in this case the condi- 
tions for effective use of high-power excavating- 
automobile complexes to great depths are created 
while developing the steep-dipping deposits (Molda- 
bayev et. al. 2012). 

The leading world open pits achieve the best tech- 
nical and economic parameters due to high perfor- 
mance of mining-and-transport equipment (350 — 380 
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thous. m? per 1 m? of excavator dipper). Significant 
thickness of overburden in Lomonosov iron ore deposit 
(100-130 m) made it difficult to choose the most 
acceptable variant of the primary open pit construction. 
At priority area of Lomonosov iron ore deposit (Fig- 
ure 1) the implementation of proposed technologies 
will reduce the average overburden ratio by 5.5— 
11.1%, depending on the variant of tracing. 

Due to reduction of open pit walls quarry in the 
limiting position the ore reserves were increased ac- 
cordingly by 35.6—42 mln. tons, even with a de- 
crease of overburden stripping volumes in closing 
contour by 4.14 — 19.52 mln. m’. 

According to two-level technology of benches min- 
ing by crosscut panels, the sinking of subsequent ini- 
tial cuts on underlying horizons is different. Their 
location is determined by the width of panels at each 
stage of mining, as well as on the side of hanging and 
lying walls of ore deposit (Rakishev & Moldabayev 
2014), as initially all top parts of benches, and then all 
lower parts of benches are mined simultaneously time. 

Then, the stabilization of production capacity 
with a decrease of mining is achieved at minimal 
current overburden mining through uniform distri- 
bution of accessed deposits reserves at all pit walls. 
The re-searches carried out in this direction, showed 
the necessity to create a universal technique for 
optimal schedule of mining mode creation. The 
possibility of its creation can be traced on pit cross- 
section considering the specified requirements to 
pits development. 
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Figure 1. A fragment of top-priority pit dynamic model during development of Central Lomonosov deposit area. 


2 OBJECT OF RESEARCH DESCRIPTION 


It can be assumed that the cross-section of a pit is a 
trapezoid ADFE used to simplify the presentation 
of created technique of mining operations optimiza- 


tion (Figure 2). 





Figure 2. A cross-section of a pit with the contour of steep- 
dipping deposit: 1 — a horizon under the number t; 2 — first 
subhorizon under the number j= 2t— 1; 3 — second sub- 
horizon under the number / = 27. 


Immediately we note that the cross-section type 
has no effect on the technique. The triangles ABE 
and CDF indicate the area of rock, and a parallelo- 
gram BCFE — an ore deposit. 

The volume of mined rocks at t stage of mining we 
denote as u(t), and the volume of mined ore at ¢ stage 
of mining we denote as v(t). Taking into account the 


introduced notations an overburden ratio is determined 


by the formula: k(t) = ult) 7 eile 
v(t) 

The main goal of our research is to minimize the 
stripping ratio values A(t). This study (Moldabayev et. 
al. 2013) shows the distribution of overburden and 
mining operations on horizons and subhorizons de- 
pending on the stage of mining. For this distribution, 
taking as a variable the optimization of work area 
width, a mathematical model of optimization problem 
was constructed. As a result we obtained the nonline- 
ar programming problem, some numerical results of 
which are given in the study (Moldabayev et. al. 
2014). In this study, we solve a global problem, 
namely the optimal distribution of rock and ore at 
each stage of mine development. Two-dimensional 
optimization problem is solved by dynamic pro- 
gramming method. As a control, we took the volumes 
of rock and ore at each stage of mining. 


3 OPTIMAL CONTROL PROBLEM 


It is known that at positive u(t) and v(t) the mini- 
mum values of functions k(t) and K (®t) are achieved 
at the same points in domain of functions u(t) and 
v(t). Therefore, the following task is solved: 
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Jur)=> (4) > min , (1) 
(t)=x(¢-1)+u(t) , yt)= yt -1)+ vl) 

tal 2 4 (2) 
x(n)=S„, y(n)=S,, (3) 
x(t)e [x(0),5,]=X, ye bO)s.J=¥, 4) 
u(r)e |0, 8, —x(0)J=U , 

v(t)e [0, S,- y(0)]=7 , (5) 


Here x(t) and y(x) — are respectively the total vol- 
umes of extracted rock and ore up to the stage tin- 
clusively; through X, Y and U, V denoted a variety 
of allowable values respectively to conditions x(t), 
y(t) and controls u(t), v(t). Through x(0) and y(0) the 
volumes of extracted rock and ore at zero stage of 
mining are accordingly denoted. 

The optimal solution of the system (1) — (4) is found 
in such a way where such inclusions will be following: 


(the xX, y(theY, w(teUu, vitleV, 


t=1,2,3...n, (6) 


As the function J(u,v) is a separable, then we ap- 
ply the method of dynamic programming, developed 
by Bellman for the solution of optimization problem 
(1) — (6). As a result of these studies we obtained a 
solution of problem (1) — (6) specified below. 

The optimum values of volumes of overburden 
and ore at zero stage are: 


x"(0)=x(0), y*(0)=y(0), (7) 


Sequentially considering that t= 0, 1, 2,...,2—1, 
the optimum values of controls and conditions’ 
functions are calculated by the following formulas: 


WBZ very, o 
x*(t+l=x*()+u* (t+), 
y'(n—t+l=y*(t)+v' (+1), (9) 


The optimal value of the current overburden ratio 
is calculated by the formula: 


(1) = x(t) 
me y(t) 


t=1,2..n—l1,n, (10) 
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4 NUMERICAL CALCULATIONS 


As an example, we took a cross-section of a pit, shown 
in Figure 2. The initial data is given in Table 1. 


Table 1. Initial data for calculations. 


49° 33° 63° 600 75 


H 
400 


n 
10 


Y(0) 
0 


The calculations show that the average overburden 
ratio is equal to k,(t)=0.370709, and the current 
overburden ratio A(t) in our case 1s a decreasing vari- 
able. This dependence is shown in Figure 3. 
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Figure 3. Diagram of current overburden ratio change by 
stages of mining. 


The comparison of numerical data shows that the 
current overburden ratio is greater than the average 
overburden ratio. If we increase the volume of over- 
burden at zero stage of mining x(0), the optimal 
values of current overburden ratio become different, 
but the monotonous nature of functions A(t) remains 
the same. At last stage of pit development the opti- 
mal value of current overburden ratio is equal to 
0.726557. This value is equal to ratio S,/S,. This 
equality is necessary to control the calculation algo- 
rithm, because it allows comparing the ratio of total 
optimal volumes of rock and ore with an average 
overburden ratio. A comparative dependency graph 
is shown in Figure 4. 

The researches of changes of rock and ore volumes, 
depending on the stage of mining have been separately 
conducted. A comparative graph is shown in Figure 5. 
A linear dependence of optimal value of rock and ore 
is observed, depending on the stage of mining. 

If we increase an inclination angle of pit wall on 
hanging wall of deposit, than it will directly effect on 
overburden ratio. For example, if instead of 
6,= 49° we will take 6, = 50°, the decrease of stripping 
ratio will be observed. The Sande of optimal value of 
the current overburden ratio is shown in Figure 6. 
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Figure 4. A comparative graph of the current optimal 
overburden ratio at different values of x(0): 1 —x(0) = 75; 
2 —x(0) = 150. 





300000 





250000 = 


200000 + 





150000 





100000 


50000 = 








Volumes of overburden and ore, m?/m 








Number of mining stage 


Figure 5. The average overburden ratio at different inclina- 
tion angles of pit wall on hanging wall of deposit: 1 — y(2); 
2 — x(t). 
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Figure 6. A comparative graph f the current overburden 
ratio at different inclination angles of pit wall on hanging 
wall of deposit: 1 — BL = 45; 2 — BIL = 49. 


A graph shown in Figure 6 suggests that the 
graphics of the current overburden ratio at different 
inclination angles of pit wall on hanging wall of 
deposit are the equipotential lines. A change of pit 
depth H also influences on the optimum values of 


overburden ratio. A comparative graph at values 
H = 400 and H = 420 again show s a couple of equi- 
potential lines. 

Now we will change the width of ore body M. 
Suppose that M = 650. In this case, the value of 
average overburden ratio significantly decreases and 
becomes equal to k, = 0.351232. When M= 600, 
this ratio is equal to k,= 0.370709. The absolute 
change is A = 0.019477, and the relative change is 


_ 0.019477 


= -100 =5.25 %. The relative change of 

0.370709 
eui 50 

ore body width is ô = —— -100 = 8.3 %. 
600 


The Tables 2—4 have been filled for studies’ 
presentation. 


Table 2. The deviation during determination of A(t) with a 
change of H. 


Deposit Initial Changed Relative Deviation 
depth value value deviation k(t) 
H 400 420 5% 2.64 % 


Table 3. The deviation during determination of A(t) with a 
change of ô. 


Meana on Initial Changed Relative Devia- 
angle of cs ; 
value value deviation tion k(® 
hanging wall 
Ôi 49° 50° 2% 2.24 % 


Table 4. The deviation during determination of A(t) with a 
change of V. 


Ore body Initial Changed Relative Deviation 
width value value deviation k(t) 
M 600 650 8.3 % 5.25 % 


A comparison of Tables 2 — 4 points out that the 
change of inclination angle of pit wall on hanging 
wall of deposit has a strong effect on the overburden 
ratio k(t) compared with the changes of pit depth 
and ore body width. An inclination angle of pit wall 
on lying wall of deposit has a similar effect. 


5 CONCLUSIONS 


As we know, the current overburden ratio is deter- 


x(t) 


mined by the formula A= T Here u(t) —a 
y 
volume of extracted rock at t stage of mining, and 
v(t) — a volume of extracted ore at tstage of mining. 
The main goal of our work was to determine the 
optimal values of k(t) overburden ratio. By using 
the well-known fact that the optimal values of func- 
tions k(t) and k*(#) are achieved in the same area, we 





choose the following target function: 
j 2 
J(u,v)= » a (1) As a result we were able to 
t1% Vv (t) 


generate a nonlinear optimal control problem (1) — 
(5). As a control we selected the volume of extract- 
ed rock and ore mining at each stage of mining. 

On the one hand, the separability of objective 
function J(u, v) and on the other — a suitable selec- 
tion of function type j(u, v) allowed to successfully 
apply the algorithm of solving the optimal control 
problem by Bellman dynamic programming meth- 
od. We proved the fulfillment of sufficient optimali- 
ty condition in stationary points of objective func- 
tion at each step of constrained optimization. An- 
other important factor is that we proved that the 
optimal solution of problem (1) — (6) do not leave 
the range of permissible values at each iteration 
step. Finally, we got a solution of the problem 
(1) — (6) that is convenient for practical calculations 
and shown of closed form in the formulas (7) — (10). 

The numerical results show that the optimal cur- 
rent overburden ratio k(t) for investigated case — is 
a variable decreasing function (Figures 3 and 4). 
The optimum values of total volume of rock and ore 
are the linear functions, depending on the stage of 
mining (Figure 5). When changing the parameters 
of ô, H pit and More deposit, the monotonous na- 
ture of optimal value of overburden ratio is pre- 
served, but the comparative graphs become the 
equipotential lines (Figure 6). 

In order to assess the response of optimal over- 
burden ratio to input parameters’ change, we drew 
up the Tables 2—4. Their analysis shows a greater 
degree of the optimal current overburden ratio ky 
response to changes of inclination angles of pit 
walls on hanging and lying walls of deposit, rather 
than to changes of linear dimensions H and M. 
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Application of the Pert method in parameters matching 


within the evaluator group module 


Zh. Sultanbekova 
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ABSTRACT: Possibility to use the three assessment method or so called the Pert method which is based on 
defining pessimistic and probable assessment of project fulfillment time and applied widely in the project 
management theory is being observed for the first time. This method in this work is used for adjusting the 
independent computing blocks parameters. As a result of this sufficiently reliable outcomes were achieved if 


to compare with the reference values. 


1 INTRODUCTION 


Two approaches for adjusting parameters were 
developed to process results of computation made 
by the evaluators group in order to get the most 
approximate base value. One of these approaches: 
the Pert Method (Project Evaluation review tech- 
nique) was applied which is used in the project 
management theory for planning on a basis of pos- 
sible network models. (Evgenev 2006). In some 
publication this method is known as a three evalua- 
tion method (Kuzmin 1991). Parameters matching 
with the help of three evaluation method is studied 
in this work and assessment of compu-tation results 
with application of traditional approach and the 
approach based on distributed information pro- 
cessing followed by matching the computation 
results is provided. 


2 MATHEMATIC MODEL OF THE 
MATCHING METHOD IS DESCRIBED 
ON STEP-BY-STEP BASIS. 


Step 1. Define the mean arithmetic value of three 
shift-based production rate values as per the follow- 
ing formula: 


Osni T Osn i Osh3 
3 


Step 2. Define an absolute error of shift-based 
production rate calculated by independent valuators 
against the reference value of the shift-based pro- 
duction rate: 


Osn et A Osni Ov) oe O, 


w e e a 


P = (1) 
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Oia B Or 
A4 = —, 
100 
Step 3. Reference mean error against the refer- 
ence value is to be calculated similarly: 


Osh et -P| 
100 


Our purpose is to reduce the errors between refer- 
ence values and estimate indicators received from 
three independent evaluators. 

Step 4. The Pert Method (Project Evaluation review 
technique), plans evaluation and review method is 
used for evaluation of project length and has the 
distribution £. For each work within the network 
model of the project three evaluations of performance 
duration should be made: the most probable perfor- 
mance time M; optimistic time evaluation O; pessimis- 
tic time evaluation P as shown in Figure 1. 

Since the experimental values distribution 
function in our work has the distribution / the 
existing Pert Method can be updated and an idea of 
this method can be used as evaluation of the dump 
truck shift-based production rate. 

For optimistic evaluation the biggest value out of 
three values for pessimistic — the less value and for 
the most probable evaluation — the value which is 
closest to the reference indicator, should be taken. 

As a result the following formula is generated: 


E= Osn pi Osn + 01,3 


6 
where Q,,, — probable value of the parameter under 
study; Oyn2 — optimistic value of the parameter under 
study; Q.,3; — pessimistic value of the parameter 
under study. 


(2) 





A, = (3) 


(4) 
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Figure 1. Results of the first matching approach. 


Similarly to formulas (1) and (2) define an error 
in the indicator of adjusted shift-based production 
rate value A, received. 

Step 5. Define the expected result for each work 
as follows: 

(T, -7T,)-2 
o 9 
where 7,,— real parameter value; 7) — expected work 
result. 

This evaluation of dispersion characterizes level 
of uncertainty associated with the work result evalu- 
ation process. The higher a dispersion, the higher 
the uncertainty. 

To define the dispersion apply the formula (2), 
where the E is resulted from the formula (4) and 


used in a capacity of T, and therefore Qsn et 1s to be 
considered as T,, then we get the following: 


(5) 





PaO, ao 
Ta (6) 
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Figure 2. Results of the second matching approach. 
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Step 6. The value resulted is to be used to reduce 
the matched parameter of the shift-based production 
rate E as per the following formula (3): 


E, =E-R. (7) 


By implementing this algorithm we get a Table 
with the matched parameters. Relative error of 
matching results against the reference value can be 
defined. 

Let’s test the developed parameter matching 
methods and show the results in diagrams. One can 
see a significant difference in results on the dia- 
grams and one can conclude that the second match- 
ing algorithm is the most successful. Therefore the 
second matching method is used as a base for de- 
velopment of algorithm and program module. As a 
result of parameter matching by two approaches we 
get two value options relevantly. To see a full pic- 
ture of matching results let’s show them in a form of 
state series (Figures | and 2). 
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On a basis of the first matching option results on 
30 experimental tests an absolute error is equal to 
12.72 nd for the second option — 5.17. The average 
value of absolute deviations against the reference 
value shows that the second matching method 
results are the most appropriate if to compare with 
the first matching approach. On a basis of the 
abovementioned method (second method) a 
parameter matching algorithm the block diagram of 
which is provided on the Figure 3 and implemented 
in MS Visual Basic programming, was developed. 


Reading of files with calculated 





values of evaluators 


Osh_et, Osh1, Osh2, Osh3 


Osh eto Oshi 
100 


Al = 


(Osher — Osn2 
A2 = —— 
100 





A3 = Oia T Osns| 
p 100 


Osm +4* Osm + Osm 
6 


Fa 





Three evaluations method 
|E 7 On en *2 
6 





Bees 






The Pert method 
|E a O sh at *2 
R=—qx— 





Figure 3. Block diagram of the parameter matching 
algorithm. 


3 CONCLUSIONS 


A form view with friendly interface allowing to 
enter resulted values received from three computing 
blocks and to get the matched value from different 
estimate indicators easily was developed to facilitate 
the coordinator’s work in the program. 

The parameter matching method may be used in a 
capacity of the computing interval matching method 
for the evaluators group model members of in case 
if the whole process of opencast mining design is 
executed with application of the distributed infor- 
mation processing method since for parameter 
matching an idea of plans evaluation and review 
method (Pert) where works duration has the distri- 
bution p, was used. 

In addition in calculation of velocity of travel of 
dump truck along the roads three options defining 
the desired indicator are used. If to match the result- 
ed values of all three options with the help of the 
proposed method we get reliable indicators identical 
to basic indicators and this proves a practical value 
of the matching method developed. The developed 
method may be used in the process of solving the 
other technological parameters, i.e. for matching 
parameters of the delivered and removed rock mass 
volumes to sorting depots or shipping sheds but 
within the frame of this document it is impossible to 
cover the solving process of such global task. 

The method developed for matching results of in- 
dependent computations with use of mathematic 
simulation methods and experimental data analysis 
is implemented in the form of complex and structur- 
al programs with database providing with the most 
reliable results required for the project. 


REFERENCES 


Evgenev, G.B. 2006. Systemiology of Engineering 
Knowledge. Information Science in Technical Institutes. 
Moscow: Publishing House of the MHTU after 
N.E. Bauman. 

Kuzmin, I.A., Putilov, V.A. & Filchakov, V.V. 1991. 
Distributed Information Processing in Scientific Re- 
searches. Saint Petersburg: Publish House-PGU. 


This page intentionally left blank 


Theoretical and Practical Solutions of Mineral Resources Mining — Pivnyak, Bondarenko & Kovalevska (eds) 
© 2015 Taylor & Francis Group, London, ISBN: 978-1-138-02883-8 


On the issue of analytical and empirical criteria 
application for rock failure assessment 


O. Shashenko & O. Kovrov 
National Mining University, Dnipropetrovsk, Ukraine 


B. Rakishev & A. Mashanov 


Kazakh National Research Technical University named after K.I. Satpayev, Almaty, Kazakhstan 


ABSTRACT: A comparative analysis of analytical and empirical criteria for rock failure is carried out. A 
new approach to the development of unified failure criterion on the basis of common values that characteriz- 
es complex stress-strain state of the rock mass is proposed. New mathematical expressions of empirical char- 
acteristics for cohesion and friction angle, as input data of Mohr-Coulomb failure criterion, based on analyti- 


cal theories of rock strength. 


1 INTRODUCTION 


Selection and application of appropriate rock failure 
criteria is a key step when performing the analysis 
of geotechnical systems stability. Via numerical 
modeling the researcher can investigate geomechan- 
ical processes occurring in soft rocks (or soils) in 
situ. The better this accepted theory of rock strength 
reflects the nature and character of rock failure, the 
closer this theory to real object. 

Various failure criteria are commonly used to de- 
scribe geomechanical processes inside the rock 
massif. However all of them use different sets of in- 
put data and physical and mechanical characteristics 
of rocks needed to describe the geomechanical pro- 
cesses in the rock massif. For example, Mohr- 
Coulomb, Drucker-Prager, Bishop failure criteria 
describe well the behavior of soft rocks or soils, so 
traditionally applied for geomechanical assessment 
of slope stability, bulk massifs, open pits, dams, 
ground geotechnical systems, etc. Some failure cri- 
teria, for example Hoek-Brown, Parchevsky- 
Shashenko are widely used in the practice of numer- 
ical simulation to describe the stress-strain state in 
hard rocks. 

The criteria with various physical and mechanical 
properties as input parameters are used to assess the 
strength of soft rocks. Thus, the Mohr-Coulomb cri- 
terion is based on cohesion and the angle of internal 
friction as main characteristics, and Hoek-Brown 
criterion uses dimensionless quantities, that take in- 
to consideration genesis, structure and strength of 
the rock mass. These criteria are essentially empiri- 
cal and despite the wide range of practical applica- 
tions they contain a certain degree of subjectivity. 
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For example, the angle of internal friction in the 
Mohr-Coulomb criterion is a complex and mostly 
contradictory characteristics, which doesn’t have 
any conclusive definition so far. Ambiguous inter- 
pretation of physical nature of this value leads to the 
fact that it is very unstable even for a certain litho- 
logical rock differences. Also scientists have differ- 
ent opinions concerning the variations of this value 
depending on rock depth (Shashenko et al. 2008). 

The procedure of cohesion value determination 
from the straight line of the Mohr envelope based on 
the results of experimental shear tests of soils and 
soft rocks looks also controversial. Here the accuracy 
of the calculations depends on the point where the 
straight tangent line intersects the curved line of the 
Mohr envelope that gives the main physical and me- 
chanical properties of soft rocks. Such approach also 
has well-known an element of subjectivity because 
of uncertainties of this intersection point location. 

The Hoek-Brown failure criterion utilizes a range of 
input parameters such as compressive strength, geolog- 
ical strength index and design coefficients for the intact 
rock massif, which are determined by approximately 
tabular data. The objective to take into account as much 
as possible features of considered rock mass makes 
empirical relationships much more cumbersome and 
less accurate, taking into account the spread of values 
for each of the input parameters (Seituly et al. 2014). 

In the absence of a universal theory of strength 
for solids, the logical questions arise: Which one 
from the existing theories of strength the most ac- 
curately describe rock failure process? Whether 
these theories are sufficiently suitable for practical 
application? 


The objective of this paper is to justify new math- 
ematical expressions for empirical characteristics of 
cohesion and angle of internal friction, as main pa- 
rameters of Mohr-Coulomb failure criterion, on the 
basis of classical analytical theories of rock 
strength. 


2 ANALYTICAL CRITERION 
OF ROCK STRENGTH 


A range of modern theories of strength were ob- 
tained on the basis of the model of solid bodies fail- 
ure from the general functional dependence 
(Ponomarev et al. 1956), which unites into one rela- 


tionship stress intensity and spherical tensor 
components: 
o? +a’ +bJ =c, (1) 


where a, b, c — some parameters determined from 
the tests at the elementary states of stress: 





J =0, +0, +0}. (3) 


Here o, o>, o3 — the principal stresses. 

Following the Mohr hypothesis, let us assume 
that the strength of the material depends almost only 
on those terms of expressions (2) and (3) which de- 
termine the difference and the sum of the largest and 
smallest stress components. Then from the equation 
(1) and by a = 0, we obtain: 


(a -0} +blo, +0,)=c. (4) 


Parameters b and c from equation (4) can be ob- 
tained via experimental tests of rocks at the simplest 
state of stress. Thus, by uniaxial compression in the 
limiting state, we obtain: 


SR +bR =C, (5) 


by uniaxial tension: 


l 
zË +bR, =c. (6) 





Expression (8) can be reduced to the same form: 


pa 


l 
c S a (-yw)(o,+0;) +2v(o,-0,) - 


Resolving equations (5) and (6) simultaneously, 
we obtain: 
Le la 
b=-7Rel-y), c=5 RV, (7) 


where y = R,/R. 

Substituting the values of the parameters from (7) 
in the equation (4), we obtain the following condi- 
tion for rock strength: 


(o,-0;) —R2w-(1-w)R, (0, +03) =0. (8) 
or for general case of stress-strain state: 
lo, -o,) +4, -— Ry - (1-w)R,(o, +0,)= 0. (9) 


From the equation (8) we obtain: 


O, —0,=2k, (10) 
where: 
k =0.5R2y +(1-w)R,(o, +03) . (11) 


It is remarkable that under axisymmetric stress 
distribution g; + 03 = o, + og= const. 

It follows therefrom that equation (10) is essen- 
tially represents Tresca-Saint Venant state of 
strength. In general case of the stressed state, the 
right term of (10) depends on the values of the stress 
components. 

For materials that equally resist compression and 
tension, y= 1. In this case, from the expression 
(10), we obtain the Coulomb strength theory. 

Let us denote the maximum shear and compres- 
sive stresses as T=(o0)— 03)/2 and o= (o+ 03)/2, 
then the expression (8) with consideration of adopt- 
ed denotations will assume the form: 


4T? —20(1-y)R, -Rèy . (12) 

Equation (12) in the coordinate system «t- o» 
represents parabola equation. 

Thus, the resulting strength state meets the require- 
ment of Drucker’s postulate (Drukker 1957) and corre- 
sponds to modern conceptions about the nature of solid 
bodies the failure (Pisarenko & Lebedev 1969). 

Based on the relationship (1) and a = 0, the theory 
of strength of P.P. Balandin (Balandin 1937) can be 
obtained. Its analytical criterion for the limiting 
state has the following form: 


From the formula (13) and o>, = 0 we obtain the strength criterion for plane stress state: 


ee 


R 


Cc 


Comparison of expressions (14) and (15) shows 
that these are different criteria, and the difference 
between them increases as far as the plastic proper- 
ties of the material grow (wy — 1). Both criteria de- 
scribe the behavior of brittle materials (w —> 0) 
equally and fairly well (Ponomarev et al. 1956). In 
the same analytical studies of elastoplastic state the 
expression (8) 1s more convenient. 

The value of w for the most of rocks seldom ex- 
ceeds 0.1...0.2. As the analysis of the formula (8) 
shows, y can be taken equal to zero without violation 
of sufficient accuracy in the wide range of compres- 
sive stresses. This phenomenon is clearly presented in 
Figure 1, where the limit curves for different values 
of y are shown in a dimensionless coordinate system. 
Limit line equation for envelope line is obtained from 
equation (12) by dividing of all its terms to R,. 





Figure 1. Envelope lines of the limit Mohr’s circles for 
materials with different degree of plasticity. 


By y= 0, we obtain the following particular case 
of the theory of strength from the expression (8): 


(16) 


Let us consider the behavior of the curves in the 
field of tension (Figure 1). 

If the value of w < 0.5, the graphs cross the X-axis 
at a point located from the origin at a distance of 
less than w, i.e. less than Re. The point of intersec- 
tion shows equal biaxial (net) tension. Consequent- 
ly, the strength of materials, which because of struc- 
tural features approximate to brittle bodies, is de- 


0; —03= RG, +0;) 


1 
(9, +03)+5 (l-y)'(o,+0;) +2ylo; +03 +(0,-0,) 


61 


(15) 


termined by the stress of each of the components 
smaller than the value of uniaxial tensile strength. 
Thus, such materials resist less to biaxial net tension 
than uniaxial tension. Such an interesting feature for 
brittle rocks is described in (Bondarik 1974), but it 
requires experimental verification. 

If the value of y> 0.5, limit curves intersects the 
X-axis at a point located at a distance from the 
origin that is more than w, i.e. more than R, value. 
Thus, increasing the resistance of plastic properties 
to the net biaxial tension of the material is more 
than resistance to uniaxial tension. This phenome- 
non was confirmed by well-known experiments of 
G.V. Uzhik with ductile metals (Uzhik 1963). 

Similar behavior of the curves in the range of ten- 
sile forces, in application to rocks, predicted and 
substantiated M.M. Protodiakonov (Protodiakonov 
1962). From the standpoint of resistance to external 
forces, water-saturated clays behave as plastic met- 
als: the diagram of deformability explicitly shows 
the yield plateau. At insignificant value of uniaxial 
compression strength, clays have almost linear de- 
pendence of “o — e”. 

Failure of brittle materials is well described by 
the theory of Griffith, which according to Murrell 
(Murrell 1963), can be presented in the coordinate 
system “t — o” by the following equation: 


2 2 
47“ —2R,0—-0.25R; =0. (17) 


Let us assume y = 1:8 in the formula (12) accord- 
ing to Griffith’s theory and compare it with (17). It 
appears that analytical expressions of two strength 
theories, derived from different ideas about the na- 
ture of physical failure, are almost identical. 

Strength condition (8) with w = 1 has been tested 
by Baushinger who showed that this formula well 
describes the process of plastic materials destruc- 
tion. Previously similar experiments were carried 
out by Tresca (Frenkel 1954). 

Figure 2 shows the theoretical curve obtained 
from the equation (8) in dimensionless coordinates 
(X =o,/R.; Y =o;/R,.) and results of rocks testing 
obtained by A.N. Stavrogin (Stavrogin & Proto- 
senya 1979). 

Despite some scattering experimental points at 
the graph, that is inevitable when tested such struc- 
turally heterogeneous materials as rocks and con- 
cretes, it is clear that proposed strength condition (8) 
describes quite satisfactory the process of the mate- 
rial destruction in the state of three-dimensional 
compression. 





Figure 2. Comparison of the analytical criterion (8) with 
the results of testing rocks and concretes: o — limestone; 
A — argillite (mudstone); A — talc chlorite; -o- — marble 1, 
-o- — marble 2; + — diabase, * — diorite; & — siltstone D-19; 
® — concrete. 


Stress components included in the strength condi- 
tion belong to the limiting curve that separates elas- 
tic and plastic range. Therefore, there must be sim- 
ultaneously performed basic relations and both the 
theory of elasticity and theory of plasticity. In the 
case of axisymmetric problem (for example, under- 
ground mine working with round cross-section in 
the equal-component field of external loads) stresses 
are easier to consider in the polar coordinate system. 
In this case, the expression (16) assumes the follow- 
ing form: 


og -0, =4Riy+(1-y (0+0, )R, ’ (18) 


where dg and c, — tangential and radial stress com- 
ponents respectively. The sum of elastic stresses on 
the limit curve in this case is an invariant, numeri- 
cally equal to double external load according to 
Lame task (Timoshenko & Goodyear 1975): 


O +0, =2Ħ, 


(19) 


where y — volume weight of rocks, H — the depth 
from the earth’s surface. 

According to equation (19) the criterion (18) as- 
sumes the form: 


O,-0, =\Roy + 2(l—w)R, = 2k. 


Limit depth, at which the failure process of the 
contour rock mass begins, is determined from (20) 
at o, = Q: 


H iim =R,/2y, 


(20) 


(21) 


The formula (20) can be rewritten according to 
(21) in the following way: 





09-0, =R.(r) Jy +(l-y) (22) 


im 


H, 
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3 MOHR-COULOMB CRITERION 


Mohr-Coulomb failure criterion with a straight en- 
velope line of principal stress circles is the most 
commonly used for analytic studies of elastic-plastic 
state (Stavrogin & Protosenya 1979, Shashenko et 
al. 2001). Its wide application is convenient because 
it always provides a closed-form solution. Strength 
characteristics in this criterion, based on the straight 
envelope line of limiting circles of principal stress- 
es, are the angle of internal friction and cohesion or 
uniaxial compression strength. In Rock Mechanics, 
which usually studies hard rocks, angle of internal 
friction as the strength characteristic was transferred 
from Soil Mechanics, which utilizes the linear 
Mohr-Coulomb relationship at assessment of limit 
states, and have the form: 


T=c+0,tanp. (23) 


Here t and o, are shear stress and normal stress 
respectively (Shashenko et al. 2008, 2001). 

Y.M. Lieberman, studying elastic-plastic state of 
the rock mass in the vicinity of mine workings, no- 
ticed that the straight envelope line must be tangent 
to the curved line (Lieberman 1969). The accuracy 
of precise calculation of cohesion and friction angle 
values depends on determination of the point of tan- 
gency. In this interpretation, the angle of internal 
friction does not represent mechanical constant of 
the material but geometrical parameter of the 
straight line in the specified coordinate system. 

Let us show how using such approach proposed 
by Y.M. Lieberman, the transition from curved to 
straight envelope can be accomplished without al- 
tering physical laws of rock failure (Figure 3). 





O 


Figure 3. Transition from the curved envelope line of 
limit Mohr’s circles to straight line: / — straight line; 
2 — curved line. 


To do this, the formula (12) should be rewritten 
as follows: 


T= 0.5, R2y +2R,(l-y)o . 


(24) 


On the assumption of the fact that the straight 
envelope line represents a tangent line to real 
curve of failure, let us differentiate the expression 
(23) on o to obtain the formula for determining the 
angle of internal friction p taking into considera- 
tion equation (19). This expression serves as the 
link between linear (23) and nonlinear (24) enve- 
lope lines: 


* l-y 


OO ————— 
2 jy+ 21 -y) 


Cohesion value c* is determined by the following 
equation (Figure 3): 


(25) 


c* = Rk, (26) 
where k, — the coefficient of structural and mechan- 
ical weakening of rock massif. 

Figure 4 presents dependencies of the angle of in- 
ternal friction p* and cohesion c* on dimensionless 
parameter R,k,/yH. 

It follows from the Figure 4 that the angle of in- 
ternal friction decreases with the depth as a result of 
increasing rock plastic properties (Balandin 1937). 
Furthermore, its value essentially depends on the 
rock structural characteristics defined by the param- 
eter Rek yH. 

And only in the absence of spherical components 
of the stress tensor (H = 0), the angle of internal 
friction becomes a constant associated functionally 
with the main strength characteristics of rocks 
namely uniaxial compression strength and uniaxial 
tensile strength: 


E R.-R, 
2Jy 2 R.R, 

Figure 4 shows that obtained experimentally the 
friction angle value should be in the range of 
15...30° (marked as crosshatched region) for the 
vast majority of rocks. This assertion originates 
from the assumption that the ratio y has usually 
the values in the range of 0.1...0.2 (IInitskaya et 
al. 1969). Although for water-saturated clays the 
angle of internal friction may have significantly 
lower values (Uzhik 1963, Panyukov 1978). A 
comparison of the p #49 values obtained by calcu- 
lations with the test data presented in (Melnikov et 
al. 1975) shows their close match. 

From the equation (24) at H = 0 follows the rela- 
tionship between principal mechanical constants: 


(28) 





= arctan = arctan (27) 


x 
P H0 


RHU5 IRR, 
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Figure 4. Dependence of the angle of internal friction (a) 
and cohesion (b) on dimensionless parameter R.k,/yH. 


Thus, equations (25) — (28) obtained above, allow 
using both linear and non-linear envelope circles of 
limiting principal stresses as a condition of rock 
failure depending on the nature and complexity of 
geomechanical problems. Also, such analytical ap- 
proach enables deeper understanding the nature of 
such widespread and commonly used in practical 
calculations strength characteristics, as cohesion and 
angle of internal friction (Shashenko et al. 2001). 


4 CONCLUSIONS 


To assess precisely geotechnical objects stability 
both analytical and empirical strength criteria are 
used. Such approach allows simulate the nonlinear 
process of rock failure with close approximation. 


Widely used for numerical simulation of geome- 
chanical processes Mohr-Coulomb failure criterion 
takes into account the cohesion of rocks and angle 
of internal friction. In real conditions these parame- 
ters vary widely even within the same lithological 
layers and their value depend on many factors that 
determine the strength of rock massif (water satura- 
tion, joints, layering, etc.), which reduces the calcu- 
lation accuracy. 

Despite the apparent ease of using such criterion 
in geomechanics, its application invokes some justi- 
fied objections primarily due to the replacement of 
the curved envelope line by straight line. As a re- 
sult, experimental determination of the values of 
cohesion and friction angle for soft rock or soils 
looks to a considerable degree subjective. 

The presented above analytical dependences al- 
low taking into consideration the features of both 
linear and non-linear envelope lines of Mohr's cir- 
cles that improves the accuracy of computations in 
variable geomechanical conditions. 
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Rock state assessment at initial stage of longwall mining 
in terms of poor rocks of Western Donbass 
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ABSTRACT: The research is focused on the initial phase of longwalling when a “setup room” (assembly 
chamber) is excavated in the rear of the panel to provide space for assembling the plow equipment. The main 
goal is to determine the changes of rock stress strain state caused by constructing the assembly chamber and 
develop a technique for calculating the support bearing capacity considering the rock pressure increasing at 
the moment when longwall starts moving from the assembly chamber. Stresses and displacements in rocks 
around assembly chamber and entry face are determined by finite element method based on plastic defor- 
mation model. The procedure of strain accumulation is implemented at the sequential change of cavity size. 
Yielding zones are determined according to the Hoek-Brown strength criterion. Multiple regression and 
analysis of variance are used to build general regularities. 


1 INTRODUCTION 


Mining of thin coal seams in Ukraine is carried out 
under difficult geological conditions. To increase 
the volume of production the high technologies are 
involved. One of the challenges is reducing the time 
of site preparation and equipment dismantling. 

The company “DTEK Pavlogradvugillia” intro- 
duced the first plow longwall using DBT plow 
complex under weak rocks conditions of the West- 
ern Donbas. Assembling and dismantling of plow 
longwall are multioperational and complex process, 
which is carried out under cramped conditions of Figure 1. Face entry supported with timber lining. 
excavation space. Therefore, the special require- 
ments of stability and technology operations are Individual timbering is applied to support the 
applied to chambers used for equipment assembly roof until the shields of powered support will be 
and disassembly. After all, these types of excava- installed. 
tions are exposed the extremely load during mining. The observation in situ shows that if the shields 

This research is focused on the initial phase of | have not been set just-in-time then ground control 
longwalling, when a so called “setup room” (an as- problems take place. In particular, the floor heaving 
sembly chamber) is excavated in the rear of the panel occurs under conditions of West Donbass poor and 





to provide space for assembling the plow equipment. watered rocks. This causes the floor ripping 2 — 3 
The assembly chamber under conditions of thin coal times prior to powered support installation. 
seams of Western Donbass is usually driven in two Ensuring the stability of the assembly chamber is 


stages. Firstly the standard arch excavation (assembly a great challenge, however this issue is not clarified 
chamber itself) is driven and lined with metal arch enough in Ukrainian regulations. They include only 
sets. Then (or in parallel) at one side of this excavation technological scheme of the equipment assembling 
a rectangular face entry (preparatory face) is driven in but does not contain recommendations and guidance 
the coal seam. The width of face entry is equal to the | concerning the assessment of rock pressure nearby 
length of the shields installed there (Figure 1). the assembly chamber and face entry. 
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2 THE STRESS-STRAIN STATE OF 
ROCKS NEARBY THE ASSEMBLY 
CHAMBER AND FACE ENTRY 


In terms of solid mechanics the construction of 
assembly chamber can be represented as creating an 
opening (cavity) in the rock that causes stress redis- 
tribution relatively the initial stress-strain state of 
the rock mass. The face driving results in increasing 
the cavity size and stress concentration. The com- 
bined action of normal and shear stresses results in 
formatting an area of broken rocks (yielding zone) 
(Hoek et al. 1998). Within this zone rocks have lost 
the cohesion between layers and general part of rock 
mass. The weight of rocks within a yielding area 
creates the load on the excavation support 
(Sdvyzhkova et al. 2014). This concept is adopted in 
Ukrainian standards and regulations. Therefore, the 
main issue of designing the assembly chamber is to 
locate the yielding zones by analyzing the compo- 
nents of stress-strain state of rocks nearby the as- 
sembly chamber and face entry (Figure 2). 

The rock stress-strain state should be determined 
using one of the numerical methods. We apply the 
finite element method (FEM) proven in geomechanics 
problems in combination with the strength theory in 
the nonlinear formulation (Bondarenko et al. 2012). 


(a) (b) 





Figure 2. Formation of yielding zone nearby assembly 
chamber: 1 — yielding zone; 2 — plow longwall; 3 — assem- 
bly chamber. 


3. NUMERICAL SIMULATION OF 
CHANGING THE STRESS-STRAIN 
STATE OF ROCK MASS AT VARIOUS 
STAGES OF MINING 


The software Phase-2 developed by Rocscience 
laboratory is used to carry out the FEM analysis of 
the rock stress-strain state in the area including 
assembly chamber and entry face. The rock mass is 
modeled as a layered body with plastic properties. 
Using non-linear model of solid body the different 
stages of longwall retreat are simulated (Figure 3). 


(c) 











Figure 3. Calculation schemes for determining the stress-strain state of the rock mass: 1 — argillite; 2 — siltstone; 3 — coal; 


4 — sandstone. 


Initially the intact rock mass loaded with the own 
weight of overlying layers is modeled. Then the 
cavities of various sizes are formed in the rock mass 
by changing the boundary conditions. Stage 1 relates 
to simulation of assembly camber creating (Fig- 
ure 3, a), stage 2 shows that additional cavity (face 
entry) is formed (Figure 3, b), stage 3 supposes that 
the goaf is simulated as a cavity of 5m size (Fig- 
ure 3, c). The strains and displacements calculated at 
previous stage are taken into consideration at subse- 
quent stage. 
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The yielding area nearby the excavations is es- 
timated at each simulation stage. Well known 
empirical Hoek-Brown criterion developed for 
weak and fractured rocks is used as a condition of 
rock failure. 

The Hoek-Brown failure criterion is used widely in 
geomechanical practice. Over the years, from 1980, 
the Hoek-Brown rock mass failure criterion has 
undergone numerous revisions. The latest version of 
the criterion is shown below (Hoek et al. 2002): 


(1) 


ci 


, a 
, , O3 
O, =03;+0,;|M,—TS| , 


where 0; and 03 — the major and minor principal 
effective stresses at peak strength; o”,, — the uniaxi- 
al compressive strength of 50mm diameter speci- 
men of intact rock with 1:2 diameter: length ratio; 
m, — the value of the Hoek-Brown constant m for 


the rock mass; s and a — constants which depend 
upon the rock mass characteristics. 

For the intact rock pieces that make up the rock 
mass, this equation simplifies to: 


(2) 


ci 


: 0.5 
, , O3 

0i =0;3 +0 | m —>—+ij . 
Comparing the intact rock failure criterion and the 

rock mass failure criterion, we can see that the first 


one is modified to predict the strength of rock mass- 
es by the introduction of the new parameters, m, , 


sanda. 

These new parameters are calculated using the 
value of the Geological Strength Index (GSI) and 
the disturbance factor (0 < D < 1) by the following 
expressions: 








GSI-100 

m, = m,e 3714D , (3) 
GSI-100 

sap mn (4) 
1 if -© -3 

e r 5 —e 3 (5) 


Therefore, to use the Hoek-Brown criterion for 
estimating the strength of jointed rock masses, four 
parameters of the rock mass have to be estimated. 
These are: uniaxial compressive strength o., of the 


intact rock specimen; value of the Hoek-Brown 
constant m, for these intact rock pieces; value of 


the Geological Strength Index for the rock mass and 
disturbance factor D (a factor which depends upon 
the degree of disturbance due to blast damage and 
stress relaxation. It varies from 0 for undisturbed 
rock masses to 1 for very disturbed rock masses). 
The parameters of the Hoek-Brown criterion are 
defined for coal and rocks under conditions of 
167-th plow longwall of “Stepna” mine on the 
basis of the data provided by the mine geological 
service (Table 1) and visual estimation of rocks 
during in situ observations. Based on this studying 
the GSI is taken equal to 50 which corresponds the 
“very blocky” rock mass structure. The disturb- 
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ance factor D is equal 0 since at assessing uniax1- 
al compressive strength o the structural factor k, 


is taken into consideration. 

The reliability of numerical simulation depends on 
the reliability of determining the physical and mechan- 
ical properties of rocks. As we mentioned above, the 
Western Donbas rocks can be characterized as poor 
quality rocks as they are jointed and the compressive 
strength significantly decreases due to watering. De- 
crease in the strength of the intact rock should be con- 
sidered with usage of structural factor k, defined as: 





(6) 


where O,, —a compressive strength of real rock 


mass and o,, — an average compressive strength of 


tested samples. 

Structural factor is determined depending on the 
degree of rock heterogeneity according to statistical 
strength theory (Shashenko 2008). Its values are 
shown at Figure 4 depending on a variation of 
strength value (77 ) obtained by the rock specimen 


laboratory testing. 


Structural factor, ke 





0.1 


0.2 


0.3 0.4 0.6 


Variation of strength, n 


0 0.5 0.7 0.8 


Figure 4. Structural factor depending on variation of 
strength value. 


The Hoek-Brown constants and structural factor 
values as well as rock physical and mechanical 
properties are referred to the Table 1. 

The simulations in terms of “Stepna” mine are carried 
out considering the initial stress field equals to 15 MPa. 
As a result the failure area spreading is obtained de- 
pending on increase of excavation space (Figure 5). 


Table 1. Physical and mechanical properties of the rocks. 


Characteristic Argillite 

Young’s modulus, MPa 3193.0 
Poisson’ ratio 0.3 
Compressive strength of intact rock, MPa 32 
Structural factor 0.5 
Compressive strength reduced, MPa 16.0 
Hoek-Brown parameter, my» 1.17 
Hoek-Brown parameter, a 0.51 
Hoek-Brown parameter, s 0.001 


Siltstone Coal Caved rocks 
2981.7 11755.2 300.0 
0.3 0.3 0.3 
43 37.5 7 
0.45 0.6 — 
20.0 22.5 7 
1.13 2.66 0.98 
0.51 0.5 0.51 
0.001 0.016 0.0007 





Figure 5. Failure zone spreading. 


The yielding rock area (failure zone) around the 
excavation has an almost parabolic shape that is 
close to an arch of natural equilibrium by 
M. Protodiakonov (Shashenko & Pustovoytenko 
2004). However, the form of the failure zone is 
irregular due to the different strength of rocks. 
Therefore, the main characteristic of failure zone is 
a height A, directed normally to the layering. 


A plot at the Figure 5 shows that the height of the 
failure zone above the assembly chamber is 3.4 m at 
the first stage of the simulation. This value increases 
up to 8 m as a result of formation of the additional 
excavation (face entry). We can see it at the second 
stage of simulation. Further increase of mined out 
space results in growth of the height A, up to 11 m 


above assembly chamber and 12m above face 
entry. It means that the load on the excavation sup- 
port increases as well because it should be obtained 
as the weight of yielding rocks. 

Thus, in terms of engineering calculation the 
height of failure zone is the main geomechanical 
parameter. The size of this area is determined by 
many factors such as a depth of the excavation, 
dimensions of the cavity and the rock strength prop- 
erties. These parameters specify various mining and 
geological conditions of coal mining. 

The algorithm described above allows executing 
multiple calculations for various geological and 
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The multivariate simulation 


mining conditions. 
enables to generate simple engineering formulas to 
determine the height of yielding rock area. 


MULTIVARIATE SIMULATION. 
DERIVATION OF THE GENERAL 
FORMULAS FOR ASSEMBLY 
CHAMBER DESIGN 


Input parameters are: 

— B/h —a ratio of the width to the height of 
excavation; 

— yi —a normal (vertical) component of the 


initial stress field; 
— R, —an average strength of the rock mass; 


— m —acoal seam thickness. 

To obtain the failure zone height as a function of 
the input data the method of nonlinear estimation is 
used. It generalizes two methods: multiple regres- 
sion and analysis of variance. Nonlinear estimation 
involves a pre-selecting type of the target functions 
of the initial variables. It could be logarithmic, 
exponential, power, or any composition of elemen- 
tary functions. 

In general, all of the regression model can be 
written as a formula: 


PSP Xz) (7) 


The main issue of nonlinear regression analysis is 
that the relationship between the target function and 
the initial variables exists, 1.e. the dependent varia- 
ble (function) is connected with the set of independ- 
ent variables (arguments). Summarizing the results 
of the numerical simulation the model of exponen- 
tial growth is used as one of the methods of nonlin- 
ear estimation. It looks like: 


(8) 


where y —a target function; a, b, — unknown 


y =atexp(b + 5,z, +52, +..+b,z,,) i 


coefficients; z, — initial parameters. 


To assess the adequacy of the model the Pear- 
son’s chi-squared test is used. If the value of chi- 
squared test statistic is significant, we reject the null 


hypothesis and accept the independent variables that 
affect significantly the target expression. 

As a result of the regression analysis the empiri- 
cal formulas are derived. 

The height of failure zone above assembly chamber: 


(0.4 F427 HL 0.005m+0.24)-0.1 
are ie (9) 


The height of failure zone above preparatory face: 


(0.18 +1.67 ŽE +0.006m+0.75 )+3 
he ' 5 (10) 


The visualization of formulas (9) and (10) are 
shown on the Figures 6 and 7 respectively. 
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Figure 7. The height of failure zone above face entry. 


5 ENGINEERING APPROACH TO THE 
ASSEMBLY CHAMBER DESIGN 


As it has been indicated above, the weight of the 
rocks within the failure zone creates a load on the 
support according to the formula: 
where S,, — the area of failure zone over the assem- 


bly chamber or face entry; » 1s a rock gravity. 
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In engineering calculations the magnitude S, 


should be determined by a simple mathematical 
formula. Despite the known fact that the area of 
failure zone has irregular shape, it can be approx- 
imately represented as a rectangle with a height 
h,, and a base equal to the width of excavation 


B (Figure 8). Thus, some margin of safety is 
provided. 





Figure 8. The scheme for determining the load on the 
support. 


Then the load on excavation support generated by 
failed rocks is approximately equal to: 


P=y S=y-Bh,. (12) 


In accordance with the value (12) the assembly 
chamber support has to be designed to ensure the 
reactions to this pressure. 

In particular, in terms of 167-th plow longwall of 
““Stepna” mine according to the simulation results the 
loading on the assembly chamber support is 
360 kN/m at the first stage (before the entry face 
driving). To compensate the rock pressure the arched 
metal sets are installed with a distance of 0.7 m in 
the assembly chamber. But at the second stage (when 
the face entry is excavated) the load on the assembly 
chamber support increases up to 840 kN/m. The load 
on the entry face support is 1400 kN/m at this stage. 
So, the simulation shows that rock pressure increases 
significantly when the preparatory face is driven. 
The bearing capacity of the metal arch (280 kN/m) 
will be run out at this stage. This fact has been prov- 
en by in situ observations. 

Therefore, the assembly chamber roof is addition- 
ally anchored with full bounded rock bolts. The bolt 
length is 2.5 m. Twin bolts should be installed in a 
conjugation of the assembly chamber and entry face 
roof since the rock falls occur often in this place. In 
addition the plain strand cables of 6m length are 
installed as well with distance of 1.4 m. 

The pressure of yielding rocks over the entry face 
should be compensated by installation of the cou- 
pled timber bars of 3.8m length with distance of 
0.5 m and vertical timbering props (it should be not 
less than 11 props per meter). Spreading the failure 
zone up to the considerable height (about 11.2 m) 
and a high probability of rock falls demands to 
anchor the roof of preparatory face with 5 rock bolts 
of 1.5 m length with distance of 1.0 m. 
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6 CONCLUSIONS 


Visual observations in situ and multivariate numeri- 
cal simulation show the significant grow of yielding 
area over the assembly chamber and rock pressure on 
the support at creating the additional cavity (face 
entry) and the longwall retreat. This fact is not clari- 
fied enough in Ukrainian regulations which include 
only technological scheme of the equipment assem- 
bling but does not contain recommendations and 
guidance concerning the assessment of rock pressure 
nearby the assembly chamber and face entry. 

Using FEM analysis and nonlinear regression 
analysis the formulas for an assessment of rock 
pressure on the support of the assembly chamber 
and preparatory face have been derived. These 
formulas should be used at engineering calculations 
to design the assembly chamber and face entry to 
ensure the stability of the excavations. 
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Study of dust cloud spraying parameters 


in terms of its suppression 


A. Yurchenko, A. Litvinenko & T. Morozova 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT. Results of theoretical study of dust cloud spraying parameters after single blast in iron-ore 
quarries are given. The nature of reducing dust concentration within the cloud in terms of its spraying, level 
of effect of water drop diameter and its consumption on the dust suppression efficiency is determined. Coef- 
ficient of dust particle capture with the help of water drops to spray solutions of the surface-active substances 
is studied. Optimum values of these parameters to suppress the cloud of iron-ore dust are substantiated. 


1 INTRODUCTION 


Technological processes of many branches of indus- 
try are followed by the considerable dust formation. 
Dust atmosphere spraying in the place of dust cloud 
formation is the most popular method of dust sup- 
pression. The results of numerous experiments and 
theoretical studies show that the same efficiency of 
dust suppression can be reached at various parame- 
ters of spraying. Furthermore, in different situations 
spraying will have various values of such important 
factors as water consumption, minimum size of 
captured particles (that determines in great extent 
social effect of applying dust suppression equip- 
ment), and dispersion degree of spraying water, 
power consumption, reliability and difficulty of 
maintaining spraying systems. 

Moreover, the basic spraying parameter is effi- 
ciency of the dust suppression which is in general 
determined by the ability of dispersed water to cap- 
ture dust particles (Berlyand 1985). This ability is 
characterized by the coefficient of dust capture with 
the help of spherical water drop. It can be possible 
to increase capture coefficient using water solutions 
as spraying water with special wetting supplement 
agents. It enables to increase efficiency of dust sup- 
pression by the small volume of spraying water. 


2 PROBLEM SETTING 


The task of spraying parameter study in terms of 
suppression the cloud of fine iron-ore dust at single- 
blast in the quarry as its content within the cloud at 
the boundary of sanitary protection zone is 90.3% 
was set up in this paper (Tischuk et al. 2007). It is 
required to determine capture coefficient of the fine, 
more hazardous dust for various diameters of the 
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water drops. It will enable to determine optimum size 
of the drops in terms of capture coefficient will be 
maximal. It is also very important to determine the 
effect of the wetting agents on capture coefficient. All 
these investigations will allow predicting flow inten- 
sity of spraying fluid including wetting agent to reach 
expected efficiency of dust suppression. 


3 THE RESEARCH MATERIALS 


Spraying is a very complex process of dust suppres- 
sion where inertial dust capture by the drops of the 
sprayed water, electrostatic interaction, diffused 
phoresia, wetting and other chemical and physical 
phenomena take place. All of them more or less 
appear when dust particles and water drops are close 
to each other and can come into contact. 

Probability of water drops contact with the dust 
is proportional to the product of their quantity 
contained in the volume unit multiplied by effec- 


tive cross-section (r+ RY (here r — the radius of 
dust particle, m; R — the drop radius, m), relative 
rate of particle and drop movement w=v-V 
(here %9 — the rate of dust particle deposition, me- 
ters per second; V — the rate of the drop deposition, 
meters per second), and the time of their interac- 
tion. If this product is multiplied by the capture 
coefficient FE, efficiency of dust particles and the 
drops will be taken into account. As interaction of 
dust particles with drops depends on their sizes to 
simplify analysis of dust-removing spraying it is 
assumed that dust particles and drops are mono- 
dispersed. Then the change of dust particles con- 
centration dv with the radius r at a time dt while 
moving with relative rate w as for the water drops 
with the radius R can be written as: 


—dv = vNa(r + R)Eadt , (1) 


where v and N — concentration indexes of dust parti- 
cles and water drops 

As N and @ depend on the time of drop move- 
ment and E depends on @, equation solution (1) if 
boundary conditions are v = vp at ¢ = 0 will be: 


t 
—n(r+R)* | EoNat 


v= ve 0 l (2) 
Or in relative form: 
t 
P= >= epl -r+ R} | Eod |. (3) 


In formulas (2) and (3) the value vo — initial (be- 
fore spraying) dust index. Formula (3) shows rela- 
tive decrease of dust concentration indexes in 
terms of the dust cloud volume if they accidental- 
ly interact with spray. Reducing dust concentra- 
tion within the cloud will be performed according 
to the exponential law. The larger degree of dis- 
persed drops, capture coefficient, relative rate of 
dust particle and drop movement, drop concentra- 
tion index (water consumption while spraying 
dust cloud), the more intensive it will be. 

Capture coefficient E is a complicated parameter 
defined by mechanism of drops and dust particles 
interaction and capture strength. It is determined as 
the ratio between cross-section of the current tube 
formed by the extreme (limited) trajectory of parti- 
cle gravity center and midlength section. It is as- 
sumed that air flow is stationary as for drop. Mass 
concentration of dust particles is small (less than 
1 g/m*). It doesn’t effect on the movement of the air 
and drops. The size of the drops is much larger than 
the size of the particles. Particle shape is spherical. 
Even under these assumptions determining coeffi- 
cient E by the equation of particle movement and 
equation of continuity is a very complex task. 

Capture coefficient Æ depends on the Stokes 
number (K) and the mode of air flow washed the 
drop at inertial precipitation of the dust particles on 
it. Critical value K when dust particles begin to be 
captured by the drop at potential flow is 1/12 (Bel- 
ousov 1988), that is E£ = 0, if K < 1/12. To calculate 
capture coefficient while increasing Stokes number 
Langmuir offered the following formulas: 


E =0 if K< 0.083, (4) 
E=K* (K+0.5) ifK> 0.2, (5) 


p= (Horne 


2 
if K> 1.214. (6) 
K-1.214 


Given formulas allow to calculate capture coeffi- 
cient of the dust particles with the help the drops 
while spraying. For this purpose it is necessary to 
determine the value of Stokes number by the fol- 
lowing formula: 


K Z p, god; 


7 
18 ud , ™) 


where p, — density of the dust particle, kg/m’; 
d; — diameter of the dust particles of i-fraction, m; 
u= 181.9:107 Hc/m’ — dynamic air viscosity; 
d,— diameter of the drops; @ — relative rate of the 
drop and dust particle movement. 

Calculations of coefficient of the dust particles 
capture with the help of the drops while spraying 
will start from determining the rate of the water drop 
precipitation for the fixed diameters of the drops: 20; 
50; 100; 300; 600; 1000; 1500; 2000; 2500 um. The 
drop in a stationary air at free fall quickly reaches 
such constant rate when aerodynamic resistance 
affected on the drop is equal to its weight. If the air 
density and effect of air inertia replaced by the dust 
particle are neglected, the rate of spherical drop can 
be calculated by Stokes law (Belousov 1988): 


2 
pe Pea, (8) 
18u 


where p — drop density, kg/m’; d,— drop diameter, m. 

Table | shows results of calculations of drop dep- 
osition rate for its selected diameters. 

Precipitation rate of the fine fraction of dust cloud 
particles with 3 um diameter is determined according 
to this method. Particle precipitation rate of this frac- 
tion is % = 0.00108 m/c. Stokes number, while spray- 
ing particles of iron-ore dust with 3 um diameter for 
the accepted water drop diameters is determined from 
the equation (7). Table 2 shows calculation results. 

There are all initial data now to determine capture 
coefficient Æ for iron-ore dust particles with 3 um 
diameter while changing water drop diameter within 
the range under study. Calculation of capture coeffi- 
cient is performed by the equation (5). Table 3 shows 
its results. 

As calculation results show, capture coefficient of 
fine particles of iron-ore dust nonlinearly depends on 
diameter of water drops. Its maximal value is 0.461 
and is reached at 600 um diameter of the water drops. 

Low coefficient of dust particle capture with the 
help of the water drop can be explained by the fact 
that water has relatively high surface strain 
(72.75:10° H/m) (Gogo 2008). Limiting wetting 
angle is quite high and dust particle is not wetted 
completely. So, dust particles when they contact 
with water drop are gathered on its surface. 


Table 1. Water drop precipitation rate. 


Stokes precipitation 





ee m rate, u= gpd , 
18u 
20:10% 0.012 
50-10% 0.075 
100-10% 0.299 
300-10° 2.69 
600-10° 10.76 
1000:10% 29.90 
1500:10% 67.28 
2000:10° 119.60 
2500-10% 186.87 


Table 2. Stokes number at water drop diameter under study. 


Particle diameter, um 


20 50 
3 w 0.011 0.074 
K 0.593 1.595 


Reynolds 
number 


E Poud q 


u 


0.016< 1 
0.25< 1 
1.07>1 
5.32 > 1 
42.6 >1 
197.0 > 1 
665.0 > 1 
1576.3 > 1 
3078.8 > 1 


100 
0.146 
1.574 


Archimedes’ number 


Re number for 


jp = 4a W- Pog a oh 
42.6 0.968 
1150.2 29.73 
9201.6 15.29 
42600.0 284.19 
143775.0 576.97 
340800.0 926.59 
665625.0 1290.57 


Water drop diameter, um 


Table 3. Total coefficient of dust particle capture for the considered water drop diameters. 


Dust particle diameter, um 


3 


While water drop moving under the action of 
gravitation forces disturbance of precipitated dust 
particle takes place. Moreover, screening effect of 
dust particles fell down on the drop occurs. To in- 
crease efficiency of dust capture by means of the 
drop solutions of the surface-active substances 
(SAS) (but not the water) which reduce limiting 
wetting angle are used. Dust particle is wetted com- 


pletely and penetrates inside the drop. 


Thus, addition of surface-active substances in- 
creases dust capture while spraying due to the effi- 
ciency upgrading of dust and drop contact and cap- 
ture strength determined by the capture coefficient. 

At present, the following kinds of water solutions 
are used as wetting agents to increase efficiency of 
dust capture in the quarries of Kryvyi Rih iron-ore 


basin (Tyschuk et al. 2009): 


— water solution of coal-alkali reagent containing 


complexes with humolith; 


— water solution “ECOM” containing non-ionic 
substances — hydroxyethylated 
kylphenols which are capable to reduce the strain of 


surface-active 


the surface solution; 


—water solution of ore dust wetting agent con- 
taining anionic surface-active substances — hydrox- 
yethylated nonylphenol as well as wetting agent 


20 50 
0.094 


0.093 


73 


300 600 1000 1500 2000 
1.50 4.00 4.31 6.04 7.03 
5.390 7.187 4646 4.341 3.789 
Drop diameter, um 
100 300 600 1000 1500 
0.087 0.442 0461 0.452 0.434 


2000 
0.396 


U, m/s, 
for stokes 
particles 

_ Reu 

— podd 





0.147 
1.50 
4.00 
4.31 
6.04 
7.03 
7.83 


2500 
7.83 
3.376 


2500 
0.361 


OD-5, composed of hydroxyethylated spirit of 
Cg — Cio fraction. Chemical name of ore dust wet- 


ting agent is H — nony] spirit. 


Value of water-stable dust units obtained in terms 


of solid and liquid phase interaction is the criteria of 
solution adhesive ability. It was determined that one- 
percent water solutions in terms of coal-alkali rea- 
gent are the most efficient to capture the dust at a 
single-blast in quarries. Their application enables to 
improve the efficiency of dust suppression two times 
as much compared with water used for spraying. 

Thus, conclusions can be drawn about the fact 
that using one-percent water solutions of coal-alkali 
reagent as surface-active substances is able to in- 
crease capture coefficient of the dust particles with 
the help of spraying water drops. Table 4 shows 
dust capture coefficient for the fine dust with the 


help of the drops of various diameters. 
These studies allows make the conclusion that 


maximum efficiency of dust cloud suppression 
while its spraying is reached in terms of spraying 
water dispersion with drop size up to 600 um. 

The next stage of the study is determining re- 
quired quantity of water to reach effective purifica- 
tion of the dust and gas cloud against the dust while 


its spraying. 


Table 4. Total coefficient of dust particle capture for studied diameters of the water drops while using coal-alkali reagent. 


Dust particle diameter, 
um 20 


0.186 


50 
0.174 


100 
0.188 


Expression for determining efficiency of dust 
capture with the help of the water drops is obtained 
in the paper (Yurchenko 2014) in the form of: 


) 


where 7 =AC/C -— efficiency of the dust capture 
with the help of the water drops while cloud spray- 
ing (here AC — the part of dust concentration which 
is suppressed by means of the cloud spraying, 
mg/m’; C — initial dust concentration within the 
cloud, mg/m°); m = V;/ V, —the ratio of the dust and 
gas cloud spraying (here V;— required quantity of 
water for cloud spraying, m°; V,, — the size of the 
cloud dust particles, m°; œ — relative rate of the 
drop and dust particle movement, m/sec; H — the 
height of the dust cloud, m; £ — the capture coeffi- 
cient; V, dy — the rate the drop precipitation, m/sec, 
and drop diameter, m, correspondingly. 


an 
2 


V dj (2 


| 


0.884 


Drop diameter, um 
300 600 1000 
0.922 0.904 


1500 
0.868 


2000 
0.796 


2500 
0.722 


Ratio of spraying dust and gas cloud is deter- 
mined by equation: 
si 


| 


Water quantity to reach required efficiency of 
dust suppression is determined by the equation: 
30H 


-1 
a ey 
3 V d, 


Calculation results of required spraying water spe- 
cific volume to suppressed dust cloud at a single 
blast with the yield of 500 t explosive are given in 
the Table 5. Flow intensity to reach desirable effi- 
ciency of dust suppression V,, kg/kg is the most in- 
formative ratio. It can be determined as a quotient of 
division of required water consumption by the com- 
mon emission of the fine dust under a single blast. 


l 
l-7 


30H 


2V d, 





m= ln 


(10) 


1 
1-1 


Foa 


P 





Ve 
m = — , then V; =ln 
V, 


Table 5. Required quantity of water specific quantity to spray the cloud at assumed efficiency of the dust capture. 


Specific water consumption at E 


Spraying ratio 
prayıng 0.1 0.2 0.3 
Specific water consumption, 0.130 0.278 0.447 
kg/kg 
Specific consumption of coal- 0.065 0.139 0.223 


alkali reagent solution, kg/kg 
4 CONCLUSIONS 


Reducing dust concentration within the cloud while 
spraying takes place according to the exportential 
law. The larger degree of the drop dispersion, cap- 
ture coefficient, relative rate of dust particle and 
drop movement, water consumption while spraying 
dust cloud, the more intensive it. 

Capture coefficient of the fine particles of iron- 
ore dust nonlinearly depends on the water drop di- 
ameter. Its maximum value is 0.461 if water drop 
diameter is 600 um. 

Flow intensity for suppression of one kilogram of 
the fine iron-ore dust is up to three liters in terms of 
its dispersion to the drop size of 0.6mm. While 
using one-percent solution of the surface-active 
substance of coal-alkali reagent solution specific 
consumption is 1.5 liters. 


74 


0.4 0.5 0.6 0.7 0.8 0.9 
0.637 0.865 1.141 1.497 2.010 2.875 
0.318 0.432 0.570 0.748 1.005 1.438 
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Technological and environmental aspects 


of the liquidation of coal mines 
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National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: The features of the restructuring of the coal industry in Ukraine are analyzed. The mechanisms 
and regularities of changes in the state of the environment in areas of coal mines liquidation are defined. A 
set of technologies aimed at preventing deformation and subsidence of the earth's surface, areas swamping 
and destruction of buildings and infrastructure is proposed. 


1 INTRODUCTION 


Coal has a significant place in the global economy 
among the natural energy resources and it occupies 
the third position by volume of use after oil and 
natural gas. Ukraine has considerable potential for 
the extraction of coal and ranks the first place in 
Europe and the eighth place in the world in its re- 
serves, which are estimated at 120 billion tons. Most 
of the reserves are concentrated in three coal basins: 
Donetskyj, Dniprovskyj and Lvivsko-Volynsky]. 

The coal industry is an important component of 
the industrial potential of Ukraine and it ensures the 
operation of the leading sectors of the economy. The 
further sustainable development and national energy 
security depends on of the efficiency and stability of 
coal industry functioning (Pivnyak et al. 2005, Jiang 
& Jin 2010, Li et al. 2011, Wang et al. 2013, 
Zhang & An 2014). 

As a result of years of coal deposits development 
the transformation and pollution of the environment 
takes place (Cao et al. 2012, Tian et al. 2013, Zhang 
et al. 2013). Living conditions and health status of 
population in the coal mining regions are deteriorat- 
ing herewith (Ma et al. 2012, Riznyk et al. 2006, 
Gorova et al. 2012, Krupskaya et al. 2013, Zvereva 
et al. 2013, Saksin & Krupskaya 2005). The load on 
the environment which is created by activities at all 
stages of mine operation, is one of the most im- 
portant factors that must be considered when deter- 
mining the directions of further development of the 
coal industry (Qi 2010, Solovenko et al. 2014; Guo 
2014, Yang & Liu 2012, Zhang 2013, Hu et al. 
2013, Han et al. 2013). 

Exhaustion of balance reserves, unprofitable of 
most mines, difficult geological conditions and un- 
stable economic situation have led to massive mine 
closure. Mining fund becomes outdated in Ukraine: 
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more than 70 percent of all state-owned mines have 
seen no reconstruction for over 30 years. The vol- 
ume of public investment in mining fund restoring 
is insufficient; coal mines are mostly unprofitable 
and can not finance investment projects inde- 
pendently. In terms of restructuring of coal mining 
industry the closure of mining enterprises became 
widely spread. 

Ukraine occupied a leading place in the world for 
the extraction of coal until mid-70 of twentieth cen- 
tury, but recent years were marked by the decline of 
the coal industry of the state. In 1995 — 2000 years 
143 coal enterprises were transferred for closing as 
a result of restructuring but liquidation workings 
fully were performed by only at 50 enterprises. 

The liquidation of mines leads to unpredictable 
economic, environmental, technological and social 
consequences. Large-scale nature of this problem 
causes catastrophic changes and degradation of 
environmental objects. Ignoring requirements of 
technogenic and ecological safety during mine clo- 
sure leads to significant changes in the quality of 
groundwater and surface water, flooding and 
swamping of areas, salinization and pollution of 
rivers, subsidence of the earth's surface, increased 
risks of physical destruction of residential and ad- 
ministrative buildings, infrastructure objects. 

All this is due to the fact that a comprehensive 
scientific and prognostic assessment of environ- 
ment state was not carried out in these regions at 
the close of mining companies. In addition, no 
consequences of further impact of already liqui- 
dated mines on environmental components were 
studied. Insufficiently reasoned closure of mines 
resulted in disastrous effects for the environment 
and infrastructure (Arefieva et al. 2014, Šofranko 
2014, Krupskaya, et al. 2014, Sliadnev 2001, Ho- 
shovski 2000, Pack 2009). 


2 FORMULATING THE PROBLEM 


Carrying out of researches is aimed at implementing 
the main provisions that are formulated in important 
state documents: Energy Strategy of Ukraine till 
2030, National Action Plan on Environmental Pro- 
tection for the period up to 2015, Basic Principles 
(Strategy) of the State Environmental Policy for the 
period 2020, Concept of Development of the Coal 
Industry, Concept of Sustainable Development of 
Human Settlements and others. 

Because of the slow restructuring of the coal in- 
dustry a significant number of small and medium 
unpromising and unprofitable mines are in exploita- 
tion. In 1991 there were 278 mines in Ukraine. Min- 
ing fund in Ukraine at present is one of the oldest in 
the world that has not been updated for decades. 
Almost 96% of mines operate without substantial 
reconstruction more than 20 years. 

The average development depth of coal seams is 
720 m, over 20% of mines are working at horizons 
1000 — 1400 m. Average thickness of coal seams is 
around | m. Coal mining is accompanied by a num- 
ber of factors, namely: 90% of mines are dangerous 
for the emission of methane, 60% — due to explo- 
sions of coal dust; 45% — because of sudden emis- 
sions; 22% — due to spontaneous combustion. Dur- 
ing the closure of coal mines above mentioned pro- 
cesses become unpredictable, and this, in turn, sig- 
nificantly reduces the level of environmental and 
technogenic safety in coal mining regions. 

Restructuring of the coal industry through the 
elimination of mining companies has led to subsid- 
ence of the surface deformation and destruction of 
buildings and engineering networks at the territories 
of disposal operations, as well as to formation of 
explosive methane-air mixtures. This in turn leads 
to the possible occurrence of natural and man-made 
emergency situations. 

The main environmental impacts of coal mining 
and removal of mines from exploitation are prob- 
lems that caused by: water lifting in the mine work- 
ings at the flooding process after mine closure; drop 
of highly mineralized mine water; rock dumps, 
which often continue to burn and have no vegeta- 
tion; methane gas emissions; deformation of the 
earth's surface and so on. 

Technogenic and environmental safety of mines 
liquidation is in direct dependence on the timeliness 
of development and implementation of environmen- 
tal measures. Prevention of environmental problems 
through their timely detection and neutralization, in 
most cases, is less expensive method compared to 
fixed costs to overcome their consequences. 

The liquidation of mining companies does not 
guarantee discontinuation of their negative impact on 
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environmental components. In this connection there is 
a need to develop assessment system for levels of 
environmental threats and man-made risks, as well as 
the scientific substantiation of measures to protect the 
environment in the areas of influence of operating 
coal mines or mines that are subjects to liquidation. 
Therefore, the purpose of this work is to identify 
technogenic and environmental risks arising at dif- 
ferent stages of the coal mines liquidation as well as 
the development of technologies to minimize them. 


3. GENERAL PART 


The following aspects were considered to study the 
negative impact of the closed coal mines on hydro- 
geological, geomechanical and ecological parame- 
ters of the environment: 

— the mechanisms of rock mass and the earth sur- 
face deformation at different ways of coal mines 
liquidation (depending on the depth and working 
conditions of coal reserves); 

— regularities of deformation of the rock mass and 
the earth surface during the flooding of mines in the 
application of “wet conservation” of coal mines; 

—mechanisms of activation of the earth surface 
subsidence and deformation of industrial facilities 
and residential buildings, located in the zone of 
mine fields influence of closed mines; 

— regularities of changes in hydrodynamic struc- 
ture of the rock mass at flooding of coal mines; 

—mechanisms for mine gases emission on the 
earth surface in the territories of the mass liquida- 
tion of mines and so on. 

Operation and, subsequently, the liquidation of 
coal companies led to changes of geomechanical 
processes both in the depths, and at the earth's sur- 
face. The shift of rock takes place, the intensity of 
movement of groundwater and gases raises as well 
as seismic parameters of massif change. As the wa- 
ter level at the flooding process of mine workings 
gradually rises up in developed space, wetting of 
fallen-in rocks occurs as well as their movements 
down and additional compression. This increases 
the plastic properties of the rock mass. 

The deformation of the rock mass causes damage, 
collapse and shift of the earth surface. At the liqui- 
dation of coal mines with development depth about 
150 — 300 m the surface subsidence above workings 
reaches over 20%, and in case of the depth of over 
1000 meters it is 5— 7%. The depth of the subsid- 
ence of the earth surface above mines being liqui- 
dated is 0.2 — 1.2 m in average and in some places — 
more than 5.0 m. 

The negative consequences of the mass liquida- 
tion of mines are deformation of the rock mass and 


significant area of subsidence of the earth surface, 
leading to flooding of territories and physical de- 
struction of communications engineering, buildings 
and structures. Area of subsidence in coal mining 
regions is more than 8000 km”. Flooding is fixed in 
Dnipropetrovs’k region in the area of 0.74 km’, in 
the Donetsk region—about 1.66 thousand km’. 
There are 30 cities in the area of flooding with a 
total area of 230 km’. In Chervonograd mining re- 
gion flooded area is 62 km* and covers all settle- 
ments in the region (Informational...2011). 

Mass closure of coal mines provokes the rise of 
underground water and soaking of rocks around 
workings, causing activation of shifts and failures 
above them. As a result of flooding of mines there is 
a change of hydrogeological and geotechnical con- 
ditions in large parts of the mine fields. Complete 
flooding of mines is accompanied by exits of miner- 
al waters to the surface and displacement of acid 
mine water from old mine workings located at shal- 
low depths is observed. Mine waters, which in the 
final period of flooding come to the surface, have 
the highest mineral content and aggression and pose 
a significant risk to groundwater and surface water 
and agricultural land. 

There is a change of hydrogeological and engi- 
neering-geological conditions in large parts of the 
mine fields as a result of flooding of mines. Chang- 
ing of engineering, geodynamic and geofiltrational 
conditions in the mountain massif is accompanied 
by flooding and swamping of large areas. Subsid- 
ence of the earth surface causes flooding of residen- 
tial areas; flooding of wells, cellars, basements, 
communications; soaking of foundations of residen- 
tial and industrial buildings; damping-off of trees; 
overgrown of large areas with reeds; reducing the 
flow rate of rivers; swamping of floodplains and etc. 

As a result of studies is found that most mines 
have hydraulic connections between them. There- 
fore, at the flooding of mines taken to liquidation the 
water from them can flow through existing hydraulic 
connections or by filtration through rock mass to 
existing mines. Flooding of developed space of coal 
mines with ground waters leads to wetting of massif. 
In this case the reduction of its strength happens, 
making the processes of deformation and collapse of 
developed space renewed. In this regard, the mini- 
mum allowable depth of raising the level of ground- 
water at flooding of mines should not exceed mark 
of 150 m of a minimum mark of surface. 

The consequence of changes in the hydrodynamic 
conditions is the development of local-regional de- 
pression of groundwater surface and deepening of 
active water exchange zones from 150-250 to 
450 — 550 m with increased infiltration of precipita- 
tion and surface water flows in water horizons from 
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rivers, reservoirs, etc. Balancing of hydro conditions 
by mixing of surface and ground water leads to in- 
creased salinity due to leaching salts from the rocks. 

During the flooding process of mines the chemi- 
cal composition of mine waters undergoing signifi- 
cant changes because due to the termination of 
drainage the water exchange rate decreases in mines 
and the contact area between groundwater and rock 
mass significantly increases. 

It should be noted that the issue of mine water 
treatment in mining enterprises have been neglected 
for decades. Also, issues of purification of mine 
waters that are in storage ponds of active and closed 
mines remain unresolved (Horova et al. 2012). 

Emission of mine gases on the earth surface, to 
the buildings and structures is one of the dangerous 
consequences of mines liquidation. Closure of 
mines greatly intensifies the processes of mine gases 
migration that can cause technogenic emergency 
situations and losses of life. 

Also, at the liquidation of unprofitable mines is- 
sues of management of large-tonnage coal waste 
remain unresolved; these wastes occupy large areas 
and they are a source of constant negative effects on 
components of the environment and public health. 

It should be noted that at present time there are no 
clear mechanisms for mine closure, which would 
take into account all environmental and technologi- 
cal consequences from the moment of termination 
of technical equipment operation to the develop- 
ment of strategy for sustainable function of coal- 
mining regions. In most cases the environmental 
problems that arise at different stages of liquidation 
of unprofitable mines significantly affect the state of 
the environment and further development of adja- 
cent areas (Table 1). 

Analysis of the data of Table 1 found that liquida- 
tion mines had an adverse impact on virtually all 
components of the environment and biota. Litho- 
sphere and hydrosphere are most damaged in the 
process of liquidation and flooding of mines. There- 
fore, there is a need for the development and im- 
plementation of environmentally highly efficient 
technologies while closing unprofitable mines. 

As a result of research in the coal mining regions 
the following issues developed: 

—technologies of management of stress-strain 
state of the rock mass in “dry” and “wet” method of 
coal mines liquidation; 

— technological schemes of redemption of mine 
shafts depending on the degree of environmental 
hazards; 

— technologies of liquidation of mine workings in 
closed mines using plugging solutions; 


— technologies of developed space stowing using 
available materials in the territories of liquidation of 
mines, including man-made; 

— technological schemes of reducing the negative 
impact of water inflows of closed mines on the work 
of existing mining enterprises; 

— technologies of engineering protection of earth 
surface from flooding and swamping; 


— technologies of disturbed lands reclamation. 

The results of years of research are the basis for 
management system for levels of technogenic and 
environmental safety in liquidation of the coal 
mines. The technological solutions obtained are 
particularly important in terms of large-scale de- 
struction of infrastructure of coal mines at the terri- 
tory of Donbas. 


Table 1. Types and objects of negative processes influence that occur during the liquidation of mines. 


Objects of influence 


Types of impact . ; 
E i atmosphere hydrosphere lithosphere soils biota 
The deformation of the rock mass — + at: or 0 
Reducing the sustainability and strength of rocks — cis T + 0 
Subsidence of the earth surface — F = F F 
Water saturation of rock mass — E + a 0 
Violation of hydrological regime — ale are T 0 
The exhaustion of aquifers — a T te 0 
Pollution of water bodies — t T 0 F 
Mixing mine water with drinking water from 
i a i + 0 + 
underground horizons 
Flooding and swamping of land — $ F T E 
Environmental pollution by combustion products 
f + 0 + + + 
and dusting of dumps 
Deformations and destruction of buildings and = $ T $ 
infrastructure objects 
Formation of potentially explosive methane-air a o $ T k 
mixtures 
Emissions of mine gases to the earth surface t 0 at F F 
The deterioration of the environment in the 
Se ha ee le : F T F aie + 
territories of liquidation works 
*«——” no effect; “0” the minimum or indirect influence; “+” the continuous direct impact 


4 CONCLUSIONS 


The mechanism of the rock mass and the earth sur- 
face deformation at different ways of coal mines 
liquidation are defined depending on mining, geo- 
logical and technological conditions of development 
of coal deposits. 

The regularities of deformation of the rock mass 
and the earth surface during the flooding of mine 
workings in the application of “wet” conservation of 
mines are studied. 

The activation mechanisms of surface subsidence, 
deformation of industrial facilities, residential build- 
ings and infrastructure objects above closed mines 
are defined. 

Forecasting of changes in hydrodynamic and eco- 
logical situation on the territories of the coal mining 
regions with into account the impact of the mass 
liquidation of unprofitable and unpromising coal 
mines is completed. 

Thus, using the results of years of research will 
allow solving problems associated with significant 
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changes in state of geological and hydrogeological 
environment and ensuring the stabilization of the 
ecological situation in coal regions of Ukraine. 
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roadway in the process of roadway development 


while using continuous mining method 
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ABSTRACT: The choice of the main parameters of temporary gripper-fixing devices in the process of 
opening development by using cutting machine is grounded. 


1 INTRODUCTION 


It is required to use temporary face support while 
carrying out roadway development and permanent 
mine opening in unstable and weak rocks. In that 
case it would be expedient to apply a design based 
on standard hydraulic cylinders with one or two 
hydraulic separations in the form of stall timbering 
works fixed on the mounting frame of tunneling 
machine (Malevich 1978, Malevich 1980). 

These devices are also appropriate for increasing the 
stability of tunneling machine in the horizontal plane 
while face developing and providing its safe mainte- 
nance in mining openings (Lusenko & Ivanov 1999). 

These carrier devices are fixed by trunnions to the 
frames of caterpillar trucks. The trunnions with 
fixed hydraulic cylinders and stretchers with boot 
drums are screwed to the brackets. Stall timbering 
works can be installed at an angles of 45 — 90° rela- 
tively a center line of tunneling machine. Outriggers 
are screwed to fixed conveyor section. 

Working pressure in hydraulic cylinders is de- 
fined by the diagram of rock massif strain (it should 
not increase 70 kg/cm’ to avoid the possibility of 
rolling over a tunneling machine). 


2 CALCULATION OF SUPPORT 
PARAMETERS OF SINGLE MINE 
WORKING 


After investigating the conditions of mining open- 
ings supports carried out by Donetsk Coal Institute 
named after Skochynskyi O.O. and All-Union Insti- 
tute of Mine Surveying (Coal mining of Ukraine... 
1998, Mostakov 1979) it was determined that cross- 
lined openings are more stable than openings along 
the strike (Baklashov & Kartoziya 1975). Based on 
data obtained the values of a and p indexes for the 
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openings of latter type, where shifting motion in- 
creases, the greatest ratio are defined. In addition 
some overestimation of the value of necessary com- 
pliance for cross-headings in comparison to road- 
ways takes place. 

Rock features of the developments are the most 
essential for rock pressure manifestation. The same 
indexes are not important for the rock layers located 
at the distance of 2 — 2.5 m from development radius. 

Thus, to calculate the roof rocks such values as 
reliability R and weighted average layer height be- 
ing 1.5 of the development width are used. To cal- 
culate the sides weighted average rock reliability 
along the development height is used. 

Define the development roof shift: 


w 
ug =0.1-2-7; -| e7 —-1|,m 


where y — weighted average rock volume, t/m?; 
H — depth of the development gobbing, m; o — rock 
strength under pressure; where f < 4 — equal to 
o < 40 MPa; r,— development radius, m. 

Define bearing capability of supports with rigid 
structure: 

— for the development roof: 


(1) 


dar =8-¥ Afr, uz, tim’, (2) 


— for the working walls: 


Daw = apt 90° = , t/m’, (3) 
where g — angle of inner friction. 

When flexibility increases, required support bear- 
ing capability reduces greatly. However, it does not 
mean that it could be possible by setting greater 
flexibility to take in rather small bearing capability 
as a support must provide sufficient rock support of 


an inelastic deformation area i.e. it must support the 
weight of the rocks being located in this area. 

Thus, to determine necessary support bearing ca- 
pability one should know the geometry of the area 
of inelastic deformation. Empirical dependence 
(Baklashov & Kartoziya 1975) of roof shifting uy on 
the zone b geometry of inelastic deformation area 
has been found from the results of instrumental 
observations: 


2 
b 12- 3u 
2 2 
r 


rq 


d 
12- 3u? 
b=—** m. 


rq ‘Td 


(4) 


(5) 


Support pressure load of the rocks located in the 
area of inelastic deformation depends on their con- 
dition. Making some conscious increase of loading 
it is assumed that the rocks in the area of inelastic 
deformation have lost the connection with rock 
massif and become loose medium. In such a case 
the support will experience the pressure from the 
weight of the rocks comprising the area which is 
confined by a square parabola. 

Thus, the loading of the rocks on the roof area per 
1 m? is: 


qla)= dyw + (Gar + Iw) sin(a), (6) 


where a — angle of the axis tilt of outriggers to be 
determined per | m of the roadway area. 


O=qa)-S = q(a)-2-1y-1=52.4-q(a), (7) 

2- N} -sin(a)=Q, ; (8) 

where N; — thrust force in the front outriggers. 
Hence, N; =Q, /2-sin(a@). (9) 


Upon integrating the formulas we get 


0° 
QO, = Jala) r :d-1-sin(æ)- 
90° 
0° , a 
-ra | (au sinlæ)+ (da, -qu sin (æ))= 
90° 
0» 
=q 'alww tTa (Gar — dww) J Sın (a)da. 
90° 


(10) 


Then, the total vertical loading is: 
O; = ra (duw +72 4da — dw) L, (11) 


where /—length of unsupported site in the face 
opening, m. 


Thus, rock loading on stall timbering works in 
terms of the angle of its arrangement is determined 
in the following way: 


Ny —Vq 1- (qa +7 /4lqe -duw ))/ 4- sin(a), (12) 


Overturning moment calculated from the condition: 





M wer > G: X, (13) 
where G — weight of extraction combine, H. 
Stable moment is calculated from the condition: 
M =N, (14) 
a= hy i (15) 
g(a) 
ô =a- sin(a). (16) 


Consider the analytical model to make further 
calculations (Figure 1). 
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Figure 1. Calculation scheme of loading: 6, — force arm of 
force Ni; a — parameter; hı — height of outrigger arrange- 
ment; N, — thrust force in front outriggers; g — an angle of 
internal friction, degree; Mover — moment of overturning. 


Then ô, = h -cosla). 
The condition for the stable and overturning mo- 
ment can be calculated from formulas (17) and (18). 


M q =4- N, -h -coslæ), (17) 
(18) 


Using formula (18) calculate thrust force in back- 
side outriggers: 


N, =(M n -G-x)/4-h -coslæ), 


M a =G- x +4- N, -h -coslaæ). 


over 


(19) 
(20) 


over 


M over =P lm 


over 


where J, =h-sin45° =5,5-sin45° =5,09 m, 


M 


over 


= 100 000 - 5.09 = 509 000 H-m. (21) 


Then N, = (M ony —~G-x,)/4-h -cos(a) ; 


N2(0°) = (509000 — 490000) /4-2-cos(0°) = 2375 H, 


Using data obtained a diagram is plotted (Figure 2). 


(22) 
(30°) = (509000 — 490000) /4-2-cos(30°) = 2750 H, (23) 
N2(45°) = (509000 — 490000) /4-2-cos(45°) = 3360 H, (24) 
(25) 


N3(60°) = (509000 — 490000) /4-2-cos(60°) = 4750 H. 
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Figure 2. Diagram of dependence of stall timbering works 
resistance on its inclination angle. 


3 CONCLUSIONS 


It is defined that the greatest resistance of stall tim- 
bering works is reached at the inclination angles 
from 45 up to 60 degrees. Despite increased mining 
pressure (more than 700 kPa) which is featured for 
weak mining rocks of Western Donbas, there is a 
real possibility of temporary support of roadway 
roof by using such special installations as outrig- 
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gers. The width of face space with temporary sup- 
port is sufficient for carrying out all activities of 
roadway development cycle. 

Required force in outriggers does not exceed 
334 kH which is easily reached using hydraulic 
advancing cylinder of modern construction. 
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Assessment of economic efficiency AMS-A (anchor — meshwork — 
shotcreting) support structure in terms of coal mines 


O. Grigoriev, R. Tereschuk & L. Tokar 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: Criterion selection to assess stability of underground mine workings has been substantiated. 
Efficiency of frame and rock bolting has been proved as it is that support system which is the cheapest in the 
context of its mounting and maintenance if mine workings are sufficiently stable. Observation results as for 
permanent working state with various support types in Geroiv Kosmosa mine (DTEK Company) have been 
set out. Comparative analysis of calculated total expenditures connected with sink of the working ant its 
maintenance for every experimental site has been carried out. Dependence of stability factor on direct ex- 
penditures connected with construction of the working and its maintenance for various support types has 


been developed. 


1 INTRODUCTION 


As it is known mine working support is mine tech- 
nical construction built to ensure its stability and 
technologic safety, and to control mine pressure. 
Technologic safety is to attain design size of a mine 
working for the whole period of its operation in 
terms of safe passages and clearances, ventilation, 
arrangement of mining and maintenance facilities 
etc. Depending upon coal deposits deepening and 
mining and geological conditions complicating, cost 
of mining and timbering of underground working 
running meter experiences substantial increase due 
to increase in cost and wastage of support as well as 
labour intensity connected with its erection. 

Complicated operation of underground mine 
workings results in increase of operating costs for 
their maintenance. The matter is that due to rock 
pressure manifestations, it becomes necessary to 
perform a number of extra operations (replacement 
of deformed or ruined support, bottom ripping or its 
section enlargement etc.) to protect operational fac- 
tors of a mine working. Combined with expendi- 
tures connected with construction of mine workings, 
today the expenditures are 45% of coal products 
cost (Solodiankin et al. 201 1a). 


2 MAIN PART 


Generally practical importance of research results 
depends on its efficiency; in the simplest case it is 
assessed using calculation of difference between 
costs of initial solution and proposed one. If certain 
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set of compared results takes place, then one of the 
approaches to arrive at the most effective (balanced) 
alternative is an approach of certain function opti- 
mum one-dimensional search. It helps determine the 
most reasonable combination between cost and long- 
term operational stability of a structure. In our case, 
the structure is extended permanent mine working. 
At a first approximation, such a function is: 


w= f(E), (1) 


where w — a factor of a mine working stability, and 
E is total expenditure connected with timbering and 
following maintenance of the mine working. 

Despite apparent simplicity, stability factor œ de- 
termined in (Shashenko 2004) as ratio between 
lengths of mine working sites where supports are 
maintenance-free and its complete length is quite 
sufficient to characterize state of mine working as a 
whole: 


L-L 
o= = 


a. (2) 


where LZ and L; — complete length of mine working 
and length of sites with support being out of keeping 
with safety rules respectively. 

In this context if w = 0 then mine working is 
completely unstable; if @ = 1 then it is completely 
stable. Practice of underground mining operations 
quite accurately confirms that sooner or later those 
sites within which supports have essential defor- 
mations being out of support pattern (w—1) pass 
into unstable state. For such unstable mine work- 
ings (starting from certain value œ determined in- 
dividually for specific mining and geological con- 


ditions) proper alternations are introduced into cal- 
culation procedure for support parameters while 
developing new mine workings. For mine workings 
under operation, a value of stability coefficient 
helps plan expenditures as well as their volumes for 
future financial periods, budgeting them for mining 
enterprise. 

In formula (1) total expenditures connected with 
timbering and maintenance of mine working at a 
first approximation are calculated as follows: 


E=K+M, (3) 


where K and M — expenditures connected with tim- 
bering (capital expenditures) and maintenance (op- 
erational expenditures) respectively. In any case, 
expenditures connected with mine working con- 
struction are considered as similar ones despite sup- 
port alternative. 

It goes without saying that values of capital costs 
and operating ones are interdependent. It is quite 
reasonable that large investment can provide long- 
term stability of any mine working without substan- 
tial operating costs (under otherwise equal condi- 
tions). On the contrary, miscounts in the process of 
support designing or baseless loss in supporting ca- 
pacity to reduce capital costs result in repeated time- 
consuming maintenance activities. 

As a tule, œ is determined under full-scale min- 
ing conditions. To perform the research, measuring 
sites were determined within main capital mine 
workings in mines of PJSC “DTEK Pavlogradvu- 
gillia”. The mine workings are distinguished by the 
analogy of enclosing coal and rock mass making it 
possible to characterize them as uniform. Each of 
the mine workings has TYPS (tent yielding pro- 
longed props support) — based frame support or 


frame bolting. Their finished cross-sections are 
14.4 to 17.7 m’. 

Surveying of mines performed measurements 
within following mine workings: 

—main western conveyor drift No2 in Geroiv 
Kosmosa mine. Pitch of floor-arch support mount- 
ing is 0.5 m. A site with circular support (density of 
support frames mounting is 2 f/m) is also available; 

— conveyor crosscut No 3 (425 m level of “Zahidno- 
Donbaska” mine); frame mounting pitch is 0.5 m; 

—2" haulage crosscut of 325 m level in “Blago- 
datna” mine; frame rock bolting with 1.24 f/m and 
7 roof bolts within a crosscut roof with 0.8m 
mounting pitch is applied; 

—9"" western drainage entry of 170m level in 
““Samarska” mine; in practice, two sites having dif- 
ferent mounting pitches for frame rock bolting ele- 
ments are available: 1 m + 9 roof bolts and 1.25 m + 
11 roof bolts (two roof bolts are mounted into walls 
of the drift); 

— main eastern haulage drift of 490 m level in “Step- 
na” mine; mounting pitch of frame support is 0.33 m; 

— main ventilation drift of 490 m level in “Step- 
na” mine; five roof bolts were mounted into roof 
when density of support frame was 1.5 f/m. 

The research involved total observation of the 
state of mine workings; measuring points recorded 
displacements of the mine working shape according 
to related procedure (Solodiankin et al. 2011b, Mar- 
tovitski et al. 2011, Shashenko et al. 2013) as well 
as support deformations; maintenance registers 
listed volumes of blasting, retimbering, and inrush 
liquidation. Observation results helped calculate 
value œ adequate for each of variations to support 
mine working (Table 1). 


Table 1. Stability parameter of mine workings in mines of “DTEK Pavlogradvugillia” PJSC depending upon 


support types. 


Site ' 

No Mine working. Mine 

l Main western conveyor drift Nr. 2 in Geroiv 

5 Kosmosa mine 

3 Conveyor crosscut No 3 (425 m level of “Za- 
hidno-Donbaska” mine) 

4 2" haulage crosscut of 325 m level in “Blago- 
datna” mine 

5 9™ western drainage entry of 170m level in 

6 “Samarska” mine 

7 Main eastern haulage drift of 490 m level in 
“Stepna” mine 

g Main ventilation drift of 490 m level in “Step- 


na” mine 


Pitch of frame The number of roof 

mounting, m bolts, pieces S 
0.5 + Floor arch — 0.15 
0.5 (ring) — 0.05 
0.5 — 0.7 

0.8 7 (roof) 0.5 

1 9 (roof) 0.4 

1.25 11 (9 — roof, 2 — floor) 0.3 

0.33 — 0.1 

0.67 5 0.6 
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Actual expenses depend on mining and geological 
conditions of mine working construction and opera- 
tion. Moreover, due to different approaches as for 
labor-intensity definition often depending on inter- 
nal rules of mine resulting cost parameters under the 
same conditions may vary. Equipment systems are 
also different for the same techniques of mining, 
timbering and maintenance, categories of involved 
specialists, and norms of extra consumption. Thus, 
averaged cost indicators of resource elemental esti- 
mate standards (UNCR_ D.2.2-35-99 2000) being 
standard to settle investors documentation for 
Ukrainian mines were used. 

Local cost estimates were formed to calculate cap- 
ital costs for timbering and support maintenance for 
each alternative of supports within observational 
sites (Table 1).They are based upon regulations ef- 
fective as on 01.01.2014 (DSTU C.SD.1.1-1:2013 
2013) involving “Stroitelnye tehnologii — SMETA” 
software system being licensed and recommended by 
Ministry of Regional Development, Construction 
and Municipal Affairs and Housing of Ukraine. With 
the help of (2) stability factor @ was calculated (Ta- 
ble 1) and function (1) graph was formed (Figure 1). 





























E, thous. 
25 UAH 
21.047 
20 
15 
10 o 
0 0.2 0.4 0.6 0.8 


Figure 1. Dependence of changes in stability parameter on 
expenditures connected with mounting and maintenance of 
mine workings on (1...8) variations according to Table 1. 


Results of the calculations performed to deter- 
mine minimum expenditures made it possible to de- 
velop dependence of a value of stability parameter 
on total capital and operational costs (Figure 1) 
which analysis helps deduce that: 

—maximum of total expenditures connected with 
mounting and maintenance is when values of stabil- 
ity parameter @ are either maximal or minimal. Sure 
enough that high stability of mine workings (w—0) 
depends upon significant capital expenditures con- 
nected with mine working timbering. Predeter- 
minedly poor supporting capacity in the context of 
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underfinancing factors into decrease of a mine 
working stability (@—1) and costly measures to 
make the mine working stable; 

— the least total expenditures are typical for frame 
rock bolting; that once again justifies recent idea for 
wide use of roof bolts while timbering mine work- 
ings. In the context of Western Donbass frame rock 
bolting is 1.8 times economically sound to compare 
with frame one; 

—curve is of the form of quadratic function of 


y =2.48-—6.6x+8.7x* type; 


—if w = 0.3...0.45 then expenses connected with 
mounting and maintenance of mine workings is 
minimal. 

Thus, roof bolting combined with frame one is the 
most economically sound providing high stability of 
mine workings. However, dependence in Figure | 
has been developed on the basis of statistics of state 
of mine workings under similar but different mining 
and geological conditions. Moreover, frame roof 
bolting like any other has reinforcement reserve ow- 
ing to such known engineering solutions as tampon- 
age, shotcreting protection etc. therefore, to deter- 
mine the most effective type of support with ade- 
quate reinforcement components according to 
“price-quality” criterion, one should assess a state of 
one mine working with various support types. 

To determine capital expenditures connected with 
timbering and operational expenditures connected 
with maintenance, nine observation sites have been 
established within the second main western haulage 
gate (2"' MWHG) of 370 m level in Geroiv Kosmo- 
sa mine (PJSC “DTEK Pavlogradvugillia’). Within 
100 m test site (point 1 in Table 1) support of mine 
working corresponded to reference support pattern 
being TYPS-M17, 7 frames made of specific inter- 
changeable shape (SIS) No 33 with 0.5 pitch and re- 
inforced-concrete filler member. 

Within other sites (points 2 to 9) both systems of 
support reinforcement and sections of SIS varied. 
For example, within site No 2 with total length of 
40 m, density of TYPS-M 17,7 (SIS No 33) frame 
setting decreased to compare with test site (2 f/m 
down to 1.5 f/m) with extra support reinforcement 
using tamponage of space behind the support. With- 
in 35m site No 3, shape No2 with 0.5m frame 
mounting pitch was used; grid system with further 
shotcreting coating was applied as filler member. 
Similar support system was also used for 35 m site 
No 4 but with 0.75 m support pitch. 

To reinforce support, roof bolts were applied for 
sites 5 to 9. Five roof bolts were mounted within in- 
terframe area; grid system with further two-layer 
shotcreting coating was used as filler member. Their 
total thickness was 250 mm. Within 50 m site No 5 


a pitch of SIS No 27 was Im. Sites No 6 and No 7 
were supported using TYPS support made of SIS 
No 22. Support density was 1.5 f/m and 1.0 f/m re- 
spectively. For sites No8 and No9 (with 40m 
length each) SIS No 19 was applied and support 
pitch was 0.75 m and 1.0 m respectively. 

Surveying of the mine performed observations 
from 2012 to 2014. Measurement results were en- 
tered in specific registers where soil up- 
ward/downward gradient, support component dam- 
age, tramroad curvature as well as destruction of 


filler member (for sites No 1 and No 2) and shot- 
creting layer destruction (for sites No 31 and No 9) 
were recorded. 

As observational results illustrate, heaving be- 
came apparent at each site as well as destruction of 
support components. Table 2 demonstrates total 
amounts of slashing and retimbering in terms of 100 
running meters of a mine working. 

With the help of (2) stability factor @ was calcu- 
lated (Table 2) and function (1) graph was formed 
(Figure 2). 


Table 2. Characteristics of support, maintenance amounts, total expenditures connected with timbering and maintenance, 
and stability factors for observational sites of 2"’ MWHG in Geroiv Kosmosa mine. 
































Capital cost 


Capital cost of 


ued Type of filler Total cost, E 
Site SIS §& g = S E y ee isto of support, K, maintenance, UAH mln’ Stability 
No No SEZA ; UAH mln/ M, UAH mln/ factor œ 
A = reinforce support ioen 100 ram. 100 r.m. 
1 33 2 reinforced concrete/ no 1.713 0.954 2.667 0.38 
2 33 rN Doone clea 2.278 0.417 2.696 0.56 
tamponage 
3 27 2 ! ; 2.236 0.247 2.584 0.63 
grid / shotcreting 
4 27 1.5 2.033 0.472 2.505 0.61 
5 27 1.0 1.874 0.288 2.162 0.68 
6 22 1.5 grid / 2.047 0.394 2.442 0.65 
T 22, 1.0 five roof bolts, 1.755 0.473 2.228 0.52 
8 19 1.5 shotcreting 1.938 0.501 2.438 0.54 
9 19 1.0 1.682 0.670 2.352 0.49 
0.15 — 3. CONCLUSIONS 
m5 Analysis of the dependence and observational re- 
eH? mo = sults help mention following features: 
m4 1. Stability of sites with roof bolting is preferable 
ao E? as compared to those without it. That concerns both 
a7 Ms cost of timbering and maintenance. 
E 2. Test site with nonreinforced nominal support is 
0.45 the least stable; it is the most expensive together 
E, with site No 2. 
E | UAH mln. 3. Alternative 5 is optimal: TYPS-M-17.7 support 
aa : | made of shape No 27 with 1.0m mounting pitch 
2.15 2.25 2.35 2.45 2.55 2.65 2.75 


Figure 2. Dependence of stability factor w of total expendi- 
tures connected with timbering and maintenance of obser- 
vational sites within 2" MWHG in Geroiv Kosmosa mine: 
(1 to 9 are alternatives of site timbering (Table 2). 


Following quadratic function describes the de- 


pendence of total expenditures on stability factor: 
y=ax +bx+c, 


(4) 


where a = -2.57 , b=1.08, c=-5.32 are approx- 
imation coefficients. 
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with five roof bolts and shotcreting as filling mem- 
ber. Graphically, this very point is the nearest to 
mathematical maximum of a __ function 
2 

( max = c — — 
4a 


52i): 


4. Within stability factor, approximating curve 
experiences no more than 10% change. However, in 
this context cost reduction is UAH 534.000 per 
100 r.m. When obtained absolute values of stability 
factor and expenditures connected with optimal (site 
No 5) and nominal (site No 1) alternatives of sup- 
port are compared, it becomes obvious that increase 
in mine working stability is 1.79 times. 


5. If under otherwise equal conditions a pitch of 
support mounting increases, mine working stability 
experiences its decrease; however, total expendi- 
tures experience their certain decrease too. 

Therefore, economic benefit being a result of im- 
plementation of TYPS-M 17.7 support with extra 
reinforcement owing to five roof bolts and shotcret- 
ing is UAH 5.34 thousand per r.m. or USD 334 per 
r.m. at 01.01.2014 values to be very important from 
the viewpoint of measures taken to reduce net cost 
of coal products. 
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Development the concept of borehole underground 
coal gasification technology in Ukraine 
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ABSTRACT: In the article the development concept of technology borehole underground coal gasification 
based on the modern technological and technical accomplishments of scientists are presented. During last 
25 years researches of the Underground Mining Department improve the technology of coal seam gasifica- 
tion. The results of such improvement are a list of performed researches work. Technological schemes of ex- 
perimental in-situ gasifier opening and preparation for different coal deposits are described. Conclusions are 


given according to described investigation. 


1 INTRODUCTION 


Modern development of coal-fired power industry in 
Ukraine, due to the development of non-conventional 
energy production technologies based on technology 
borehole underground coal gasification (BUCG) 
should be an integral part of energy and chemical 
complex that ensuring cost-effectiveness and safety 
during coal development in complex environment 
with receive power and chemical product. 

Nowadays coal is the type of fossil fuel used by 
all leading countries in developing and reliability of 
energy, creating fuel from underground coal depos- 
its. According to proven coal reserves in the world 
Ukraine ranked seventh place — 34.2 bln tons, total 
reserves are estimated at 117 bln tons, while oil and 
gas account — 2.4% of the coal reserves. Coal re- 
serves that are fitness to BUCG according to eligi- 
bility criteria amount to 40.07 billion tons from total 
reserves of coal in Ukraine -— 117 bln tons. The 
evaluation of resources that was conducted by insti- 
tute “Donhiproshaht” make 20.2 bln tons balance 
and 3.8 bln tons of non commercial coal reserves 
and 1.1 bln tons commercial and 0.2 bln tons of non 
commercial lignite reserves, that make 45 — 55% of 
coal reserves, which primarily can be used for the 
purposes of underground coal gasification. 

It should be noted, that coal are located in coal 
seams with thickness less 1.5m make 90% of all 
coal reserves. During the reserves depletion this rate 
will be decrease. Moreover, the depth of development 
increases and in some cases make up to 1380 m. At 
the same time Mining industry of Ukraine is one the 
most polluting industries by level of formation and 
emission of harmful matters into the atmosphere 
(Khomenko 2012, Khomenko et al. 2013). 


9] 


According to “The State Service of Mining Su- 
pervision and Industrial Safety” during 2013 in the 
coal industry was injured 3147 miners, of which 
100 — deadly. In general, the ratio of fatal accidents 
per 1 million tons of coal produced in 2013 was 1.2. 
By the number of injuries and loss of life in mines 
Ukraine make the top three. 

Ukraine is the largest consumer of natural gas 
consumption and takes the sixth place. By imported 
gas supply Ukraine takes the third place in the world 
after countries such as Germany and the United 
States. Having an imbalance in energy resources, 
Ukraine only 28 —32% of energy produced from 
coal. In world such rank of energy production from 
coal make 40%. This is due to low quality indicators 
of thermal coal, pricing, decreasing of lignite re- 
serves mining, etc. 

Therefore, the important factor is not only to in- 
crease the coal production but improving the tech- 
nology of its processing and use. For these essential 
conditions are to use the technologies without the 
presence of people in the working mines. Usages 
of advanced technology of plow and augering coal 
extraction only for a time solve the problem. It is 
necessary to come on alternative clean coal tech- 
nology and complex processing of solid fuels, re- 
cycling and disposal of greenhouse gases. Borehole 
underground coal gasification is one of the areas of 
such technology (Bondarenko et al. 2010, Fal- 
shtyns’kyy et al. 2013). 

Development and implementation of these tech- 
nologies for the extraction and complex processing 
of coal seams in-situ to obtain heat, electricity and 
chemical products, are a technological break- 
through, which will cause a qualitative change in the 
development of coal, power and chemical industry. 


Conceptual development of borehole under- 
ground coal gasification associated with a number 
of technological solutions provides advanced tech- 
nology applications, safety and efficacy of techno- 
logical schemes in the underground part of the gasi- 
fier and in the surface coal gas purification system. 

Ensure environmental cleanliness of BUCG pro- 
cess due to its controllability, tightness of under- 
ground gasifier and complex use of cogeneration 
technologies in a closed purification cycle of gener- 
ator gases. 

Energy complex based on BUCG is mobile- 
modular enterprise for intensive productivity, quali- 
ty and variety of the fossil fuels products, which en- 
ables dynamic and flawed without reorienting the 
release of the final product, in the form of heat, 
electricity, chemicals and chemical products due to 
the flexible shifts technological parameters with re- 
gard to the conditions of dynamic change of mining 
and geotechnical conditions. 

Profitability and efficiency of these enterprises is 
obvious, rising oil prices and gas, as well as rising 
prices for coal, which is associated with the costs of 
production, transportation, processing, environmen- 
tal protection and the depletion of commercial re- 
serves of energy raw materials. 

These tasks require a comprehensive approach, 
which fully meet the concept of radical technologi- 
cal schemes of BUCG developed in the National 
Mining University in the Department of Under- 
ground Mining. 


2 EXPERIENCE, DEVELOPED AND 
IMPLEMENTED PROJECTS IN 
NATIONAL MINING UNIVERSITY 


Establishing the school of underground coal gasifi- 
cation in the State Mining Institution (Dniprope- 
trovsk Mining Institute, now the National Mining 
University) refers to the 20-th. A famous scientist, 
professor A. Terpigorev proposed basic principles 
of underground gasifiers and actively participated in 
the commercialization of the first stations “P1- 
dzemhaz” in Ukraine. 

Several members of the Underground Mining 
Department in National Mining University 
(Dnipropetrovsk Mining Institute) since 1968 take 
active part in research and development the technol- 
ogies of BUCG on the stations “Pidzemgaz” in Rus- 
sia (Shatska, South-Abenska station), Uzbekistan 
(Anhrenska station), on lignite coal deposits Synel- 
nykovska research area (Ukraine) with scientific 
and research institutes from Russia (IGD 
Skochynskoho, “Uhlyehaz”), Uzbekistan (Tashkent 
Polytechnic Institute), Ukraine (Lviv Heoloho- 
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rozvidochnyi Research Institute, Donetsk NDIHazu, 
Dniprodiproshaht, Krivyi Rig Mining Institute), Po- 
land (Central Mining Institute in Katowice, Krakow 
Mining and Metallurgical Academy, Research Insti- 
tute of radical technologies in Warsaw). 

National Mining University under the state budg- 
et plan the work of the Ministry of Education and 
Science of Ukraine for the period 1991 — 2000 was 
performed research theme: GP-57 “To conduct re- 
search, develop recommendations and specifications 
for the establishment and development of industrial 
production of artificial energy through the con- 
trolled process of underground coal gasification” 
state registration number 01910054149; PRO-1 
“Development and application the technologies and 
equipment for underground coal gasification and 
complex processing of its products in order to ob- 
tain highly efficient energy and chemicals” state 
registration number 0194U008928, VF-3- “Re- 
search the underground coal gasification”, under a 
contract with the firm JCQAL, Japan Center for En- 
ergy and coal. 2007 — 2010; the realization of the 
joint project “HUGE: Hydrogen Oriented Under- 
ground Coal Gasification for Europe” (Figure 1) 
with the creation of experimental in-situ gasifier and 
its testing in mine “Barbara” (funding by the Fund 
“Coal and Steel’, contract No RFCR-CT-2007- 
00006). From 2010 up to 2013 at support the Minis- 
try of Education and Science of Ukraine and com- 
panies “Donbass Fuel-energy company”, “Do- 
netsksteel” was conducted analytical and laboratory 
research on the experimental union for determina- 
tion the opportunities of thin coal gasification in the 
Central Donbass, Western Donbass (Ukraine) and 
Kuzbass deposits (Russia). 

The complexity of the experiment allow to con- 
firm a number of analytical solutions and bring 
them to the real recommendations un order to de- 
signe the power-chemical enterprises for production 
and complex processing the coal seam s in the place 
of occurrence (Falshtynskyy et al. 2012) 

As a result of experience, taking into account 
the critical analysis of the achievements and limi- 
tation in the operation of industrial plants “Pi- 
dzemhaz” in the Soviet Union, experiments con- 
ducted on experimental underground gasifier in the 
United States, United Kingdom, Poland, Belgium, 
Czech Republic, Germany, China, Australia, Japan 
and during research the processes borehole under- 
ground coal gasification on laboratory unit, using 
mathematical modeling, determination and devel- 
oped radical technologies BUCG that provide 
comprehensive processing of coal seams with ac- 
count the changing in pressure integrity, controlla- 
bility of a system, safety and quality productivity 
of mobile complex. 





Figure 1. Technological schemes of experimental in-situ gasifier with air blast supply: (a) start of gasification (coal igni- 
tion); (b) coal seam gasification; (c) coal seam gasification by controlled retraction injection point. 


On the basis of scientific results was developed 
three working project of “Pidzemhaz” stations for 
lignite coal “Techno-economic justification of build- 
ing the station of “Pidzemhaz” Synelnykove deposits 
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(Figure 2, a), “The pilot project of underground gasi- 
fier’ Monastyrschynske deposit (Figure 2,b) and 
"Project of experimental station “Pidzemhaz’ for 
“Donbass Fuel-energy company” (Figure 3). 
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Figure 2. Technological schemas of opening and preparation the underground gasifier for: (a) Synelnykove field and 


(b) Monastyrschynske coal deposit. 
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Figure 3. Technological schemas of opening and preparation the underground gasifier pilot station for Donbass 


Fuel-energy company “Pavlogradvugillia”. 


Improving technology BUCG associated with the 
implementation of surface complex power and chem- 
ical complex in underground part that are copyrighted 
by series of patented inventions in Ukraine and 
abroad (96 patents). The main researches are publish- 
ing in 204 publications (articles, monographs, text- 
books etc.). For the conditions of Ukrainian energy 
and power sector the research and justification the 
possibility of alternative mining technologies are es- 
sential. Substantial deposits of coal can be converted 
to generators gas turn-on commercially reasonable 
level, to solve problems of providing specific kind of 
energy and political aspects of the energy security 
(Falshtynskyi et al. 2014, Lozynskyi et al. 2014). 

The essence of the “Know-How” of modern devel- 
opments in the field of underground coal gasification, 
that was developed on the Department of Under- 
ground Mining (National Mining University) resides: 

— implementation the new designs of underground 
gasifier, technology and technical solutions in pro- 
cessing complex, control of the thermo-chemical 
gasification process, taking into account the geolog- 
ical conditions and technological parameters of un- 
derground gasifier, which gives the opportunity to 
develop technical documentation for the construc- 
tion and operation of the stations “Pidzemgaz” in 
preparation of underground gasifier from the surface 
and in mining conditions, with gasification com- 
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mercial and non-commercial reserves in the condi- 
tions of high rock massif fracturing; 

— development technological schemes of BUCG 
and constructions of underground gasifier with arti- 
ficial rocks hermetization, directed and selective 
blast injection, material and thermal balance control 
of the gasification process. 


2 KEY FINDING 


Development concept of technology borehole un- 
derground coal gasification allows: 

—to substantiate the fitness criteria of sufficient 
impermebility of underground gasifier in the real 
conditions with account mining and geological con- 
ditions, technical and technological parameters of 
coal seam gasification; 

—to expand area of application the technology 
BUCG on shallow workings (20 — 370 m) with pro- 
ductive bed thickness from 0.4 to 30 m; 

— to develop layer by layer coal reserves gasifica- 
tion in descending and ascending order with injected 
stowing of deformed rocks of roof and goaf with ac- 
count rock massif fracturing; 

—to develop effective and safe system of coal 
seam through the horizontal production wells; 


— to ensure activation of the oxidizing and reduc- 
ing zone in gasification channel of underground gas- 
ifier with variation of air injection in time and space 
by combining injection and exhaustion of air-flue 
gas mixture for activation the gasification processes 
in gasifier channel; 

— to build adaptive scheme of underground gasifi- 
er with the preparation from the surface and mine 
conditions, taking into account geological and man- 
made conditions, technical and technological pa- 
rameters of the gasification process and changes in 
geomechanical factor; 

—to provide technological and environmental 
safety of BUCG through controllability of material 
and thermal balance during thermochemical conver- 
sion process of the coal seam in an oxidizing and 
reducing zones in gasifier channel, which is 
achieved by providing the stowing operations, con- 
trolled retraction injection point on a combustible 
face through flexible pipes in opening inclined 
borehole, supply pulsing blast injection and reverse 
zones of underground gasifier; 

—to increase the pressure in the gasification 
channel up to 5.7 MPa (upon conditions injection 
stowing of rock massif and goaf in underground 
gasifier) for intensifying thermochemical process by 
effectively selecting blast mixtures including carbon 
dioxide (CO) which ensures its utilization and im- 
proves combustible composition; 

—to improve the efficiency and effectiveness of 
the process by reducing the cost value of gasifica- 
tion products on 33.6—45.1%, while the cost of 
1000 m° of combustible gases will be 389- 
878 UAH; cost of 1 kWh of electricity — 0.24 —- 
0.31 UAH, given the cost of underground gasifier 
(underground part) — 12.5 — 44.1 mln $. The length 
of the extraction panel, respectively (250 — 500 m), 
the cost of the station “Pidzemhaz’” provided per- 
formance from 55 to 100 thousand m°/h of gaseous 
products that include 4—5 underground gasifier, 
mobile-block complex of coal gas purification sys- 
tem on the industrial site — 135.2 —409.6 mln §. 
Economic playback time — 1.3 — 2.7 years; 

—to reduce the loss of air and gasification prod- 
ucts on 9.8 — 28.6%, increase the calorific value of 
combustible gases to 46—61% using to produce 
heat and electricity free-piston gasifier with effi- 
ciency coefficient — 0.72 — 0.85. 
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4 CONCLUSIONS 


Technological scheme of borehole underground coal 
gasification, that are described allows to increase 
range of application the technology BUCG and in 
an environmentally safe and closed cycle with 
chemical products, energy and heat generation. 

The technology is effective at commercial and 
non-economic coal gasification in mine, do not re- 
quires a significant investment in deposit opening, 
mine development, utilization and waste storage, 
extends the long life operating of mines, solves a 
major social problem of employment. 
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Analytical, laboratory and bench test researches of underground coal 
gasification technology in National Mining University 
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ABSTRACT: In the article results of analytical, laboratory and bench test researches presented. The present 
paper deals with the creation of generator gas from coal seams in-situ. It is proposed to use received results 
to intensify underground coal gasification process. The results of laboratory and bench test experimental re- 
searches are presented in the form of graphs and tables. The conclusions are drawn at the end of the paper 


with perspective trends for future studies. 


1 INTRODUCTION 


The analysis of coal deposits development under 
modern conditions shows the necessity of new solu- 
tions for a line of problems to provide safety of 
mines exploitation, complex development of miner- 
al resources and protection of the environment. One 
of these problems is a mine methane utilization re- 
covered to the surface with various degassing meth- 
ods, and methane taken onto the surface by ventila- 
tion current (Ovchynnikov et al. 2013). 

Development of the underground coal gasification 
(UCG) technology with artificial hermetization of 
rock massif with effective and mobile adaptation to 
changing geological conditions and technological 
parameters required to elucidate the dependence of 
rock massif behavior during coal seam gaification 
that was need to substantiate the rational parameters 
of the rock massif and goaf backfill injection tech- 
nology (Falshtynskyi 2014). 

Underground coal gasification can be examined as 
one of examples of generator gas reception which 
carry out new principle — combination of coal extract- 
ing with its simultaneous processing in the unique 
technological process (Bondarenko et al 2010). 

From each and every factors that affect to substan- 
tiation fitness criteria of coal deposits for borehole 
underground coal gasification is difficult to distin- 
guish the principal, so the choice of deposits is car- 
ried out on the total impact of various alternative fac- 
tors. They are defined by the presence in the gasifi- 
cation zone — combustion source, which supports by 
the achievement of the desired temperature, the for- 
mation of artificial gas, as well as features of the 
geological environment, hydrogeological conditions, 
forecast water inflows, abatement techniques, leaks 
of blast injection and gas, quality of coal seam. 
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2 ANALYTICAL, LABORATORY AND 
BENCH TEST RESEARCHES OF THE 
UCG TECHNOLOGY 


As a methodological approach on the Underground 
Mining Department “National Mining University” 
were substantiated the fitness criteria of coal depos- 
its to underground coal gasification, study guide: 
“Development and substantiation the fitness criteria 
to assess the feasibility of underground coal gasifi- 
cation” Dnipropetrovsk: 1987. This technique has 
passed industrial approbation and received confir- 
mation of its effectiveness in the development of 
technical documentation and underground gasifica- 
tion project feasibility study for the conditions 
Sinelnikovske and Tarnavske deposits and mines in 
the Western Donbass. 

For the calculation of materially-thermal balance 
of BUCG, the program MTBalanse SPGU was uti- 
lized. It was designed by the employees from the 
underground mining department from the National 
Mining University. The calculation algorithm in- 
cludes thermo chemical conversions of solid fuel in- 
to gas and condensed fluid in the conditions of ele- 
mentary composition of coal seams, external water 
inflow and the thermal balance of in situ gasifier. 

The program for calculating material and thermal 
balance parameters of BUCG processes takes into ac- 
count the following conditions: changes of anthropo- 
genic situations in rock layers that contain in situ gas- 
ifier qualities taking into account mining-geological 
conditions and technological parameters of the pro- 
cess; the peculiarity of the composition of air blast 
mixtures and their influence on coal seam gasification 
processes; the change of qualitative and quantitative 
indices of BUCG gas with grades of coal seams and 
air blast mixture; the influence of geometrical param- 


eters of oxidizing and the restoration zone of gasifier 
reactions channeled on the balance of kinetic indices 
of chemical reactions and physical rates; the influence 
of coal seam degassing efficiency on thermal balance; 
the influence of gasification process ballast gases on 
the qualitative indices of in situ gasifier; the practical- 
ity of the substantiation of balance calculation param- 
eters for the prediction of production indices manage- 
ability for the “Pidzemgas” station. For the effective 
design of mine workings is often resorted to the use 
of mathematical modeling as nature experiments are 
not always available (Vladyko et al. 2012). 


With the purpose to provided reliability and effi- 
ciency of underground gasifier was developed the 
technology of sufficient hermetization of rock mas- 
sif around the gasifier by injection backfill material 
in deformed rocks of roof and goaf according load 
distribution in rock layers (Figure 1). 

To solve this problem, the mathematical models of 
rock massif behavior during coal seam gasification 
was created, that takes into account the immediate 
rocks of roof and bottom, exposed to high tempera- 
tures to swelling, filling goaf and features of coal 
seam gasification depending on seam thickness. 
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Figure 1. Load distributions in rock layers above the gasifier at thin coal seam gasification: (a) area No 1, coal seam C;; 


(b) area No4; coal seam Ce. 
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Based on the mathematical model the proposed al- 
gorithm for calculating the parameters of behavior 
and stratification of rock massif are developed, based 
on characteristics of coal seam gasification process 
(Falshtynskyy et al. 2012). 

The specific geological conditions and technolog- 
ical parameters of gasification process during the 
calculation are entered in personal computer. After 
completion of calculation the geometrical and phys- 
ical stress parameters, subsidence and horizontal 
displacement of rock layers in the table form, graphs 
and diagrams are displayed on the screen. Defor- 
mations and rocks subsidence in an underground gas 
generator take a place under the action of two factors. 
A primary factor is mining pressure. The second fac- 
tor is a high temperature of gasification process at gas 
generator exploitation (Falshtyns’kyi et al. 2013). 

Analyzing Figure 1 we can say that bearing pres- 
sure zone at the level of coal seam C, during gasifi- 
cation of coal seam — C; with the gasification ad- 
vance | m/day, is located in rock massif at a dis- 
tance 2.8 m from the gasification channel above un- 
derground gasifier. During coal seam C; gasification 
above goaf on the distance 10—16m is formed 
stratification cavity. 

During analytical substantiation of heat transfer 
in the system “gasifier-rock massif’ was consid- 
ered quasi-stationary regime, non-isothermal flow 
of high-temperature products, taking into account 


their heat with rock massif in the conditions of 
coal seam gasification. Rock massif has isotropic 
thermal conductivity. On the rocks surface take 
heat exchange with the gaseous products that un- 
der pressure flow deep into the rocks of roof by 
vertical cracks and stratification, occurring under 
strain in coal seam. 

Analyzing the calculations that were performed 
to substantiation the research work it should be 
noted that the convection heat transfer and temper- 
ature change of migratory gaseous products in rock 
massif is sensitive to significant changes in the 
thermal conductivity of rocks. Thus, the reduced 
thermal conductivity in 1.5 times and 2 times in- 
creased specific heats of gases (3.2—6.0m dis- 
tance from the coal seam) temperature is changed 
to 222°C (318 — 96°C). In convection heat transfer 
in rock massif accounts for 54—65% of all heat 
loses, the second part is related to heating rocks by 
conductive heat exchange (Figure 2 and 3). 

Mass and thermal balances are substantiated for 
analysis and efficient use the technological process 
of BUCG. By dint of mass and thermal balances es- 
tablish the actual yield, the efficiency of energy use, 
costs, loss of raw materials, fuel and other materials. 
From digital data of both balances set organizational 
and technical solutions to improve the operation of 
the equipment, make the best use, disposal or recov- 
ery of material and energy resources. 
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Figure 2. The parameters of distribution the temperature field in the rock massif during borehole underground coal gasifi- 
cation across stratification; 1 —reaction channel of underground gasifier; 2 — air injection borehole; 3 — gas production 


borehole; 4 — ash and slagged ash; 5 — 
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stratification of rocks of roof; 6 — coal seam; 7 — flexible pipe; 8 — stowing pipe. 
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Figure 3. The parameters of distribution the temperature field in the rock massif during underground coal gasification 


along stratification. 


Conducting experiments in laboratory and bench 
units focused on simulation process of BUCG in 
terms of geological modeling and technological pa- 
rameters (Ovchynnikov 2013). To simulate on labor- 
atory and bench unit the process of underground coal 
gasification was developed a mathematical model of 
scale factors and similarity conditions. Laboratory 
model has dimensions 100 100*12 cm (Figure 4). In 
the model pack the rock layers for simulation rocks 
of roof (direct and main roof) and coal seam. 





Figure 4. Laboratory model of gasifier. 


100 


To simulate the combustion face thermal element 
was installed in the hole. The main task was modeling 
the thermal field during gasification in the terms of 
compliance with the laboratory model similarity of 
field conditions. Based on the laboratory results the 
graphs that characterize the heating of rock massif, 
during coal gasification, were built (Figure 5 and 6). 
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Figure 5. Heating the rocks of roof: 1 — pressure in com- 
bustion face 0,3 MPa; 2 — pressure 0,6 MPa; 3 — pressure 
0,4 MPa and oxygen injection O, — 31%. 
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Figure 6. Heating the bottom rocks: 1 — pressure in com- 
bustion face 0,3 MPa; 2 — pressure in combustion face 
0,6 MPa; 3 — pressure in combustion face 0,4 MPa and 
oxygen injection O, — 31%. 


Experimental study of rock massif behavior and 
study the temperature field in the rocks that con- 
tain gasifier, held on bench units in 1988 at the 
mine Nol “Hostra” colliery group “Kurahovske” 
SC “Selidovovygillia” and in 2002 at the mine 
“Ternivska” SC “Pavlogradvugillia”. Bench unit 
represents a simplified model of underground gasi- 
fier. General views of the main part of experi- 
mental test unit are presented on Figure 7 and 8. 





Figure 7. Experimental bench unit. 


Analyzing the experimental results, we can say that 
at a distance of 1.5m (6m in naure) from the coal 
seam, the rocks of roof heating by gaseous products 
of underground gasification due to their migration 
through cracks and stratified rock massif. At a dis- 
tance of 1.5 —2.3 m layer (6 — 9.2 m in nature) inten- 
sity of heaing reduce trough decrease the size of ir- 
regularities in the stratified rock massif. The heatming 
degree of rocks of roof, depending on the composi- 
tion of injected (air, oxygen) and pressure integrity of 
rock massif are shown on Figure 9. 
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Figure 8. Formation of coal seam and rock massif in the 
gasifier model: (a) bottom and wells; (b) rock massif. 
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Figure 9. Heating the rocks of roof (a) and bottom 
rocks (b): 1 — air injected enriched oxygen (O2- 30%); 
pressure P =0.4 MPa; 2-—injected air, pressure 
P = 0.6 MPa; 3 — injected air, pressure P=0.4 MPa. 


In 2009 — 2010 the experimental unit for simula- | Modeling the processes of coal seam gasification 
tion the technology of borehole underground coal in bench unit with account mining and geological 
gasification was constructed and patented in Na- conditions for SC “Pavlohradvugillia” was con- 
tional Mining University (Falshtynskyy et al. 2012). ducted in 2011 (Figure 10). 


(c) 





Figure 10. Installation of experimental unit No 1: (a) general view of experimental unit; (b) formation of rock massif; 
(c) installation of ranging mark and thermocouples in rocks of roof; (d) coal ignition; (e) formation of gasification channel; 
(f) fixation of the temperature in gasification channel. 


Parameters of ignition, gasification and starvation The results of analysis of liquid products coal 
during underground coal gasification in the experi- gasification that was gotten during an experiment on 
mental laboratory unit at the different regimes of the the laboratory unit are presented in table 1. 
thermal processing with fixation temperature condi- 
tions and output of combustible generator gases are Table 1. Results of runback analysis. 





presented on Figure 11. Nameof Amount, Amount, kg/612kg g/kg 
No . 3 3 
indexes mg/m g/m ofcoal ofcoal 
1 Phenols 7500 7.5 4.60 7.53 
2 Hydrogen 11900 119 7.31 11.95 
sulfide 
4 YVolaule 3100 31 190 3.11 
ammonia 
y Ted 2580 2.58 158 2.59 
amonia 
a Aemong 5450 5.45 3.34 5.47 
substance 
g Aromat 100 0.10 0.06 0.10 
compounds 
7 erase 112000 112 68.80 112.43 
—— CH4 — CO  — H eu Pe 
== Ignition Gasification === Starvation 7 Pona 27000 27 16.58 27.10 
sulfate 
Figure 11. Temperature condition (£) and output of com- At all 142630 142.63 87.62 143.18 


bustible components (V) dependently to time from the be- 
ginning of experiment (7). 
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As a result of experiment on the experimental unit 
was gotten the information about rocks, which con- 
tain gasifier, composition of generator gas, parame- 
ters of coal seam ignition, burning of gasification 
channel with application the combined mode of coal 
combustion, rock massif subsidence above gasifier. 


Table 2. Power indexes of gasification process. 


A runback is a liquid with the presence of hard 
matters and not characteristic for a coke-chemical 
enterprise smell which reminds the smell of tar. At 
the protracted contact with air a test acquires a black. 
Power indexes of gasification process, during an ex- 
periment on the laboratory unit presented in Table 2. 


Amount Output of generator gas, m? Thermal power of the Power of the Output of 

of coal, ? experimental unit, GKal experimental Mim? chemical products 
kg generator gas (CH4, CO, H?) forlh for 15h unit , MVt g/kg of coal 
612 143.1 529.4 2.89 43.35 3.35 2.13 0.143 


Subsidence of rocks of roof in an underground 
gasifier (Falshtyns’kyy et al. 2013) and traditional 
mining (Koshka et al. 2014) is related to the mine 
and geological conditions, technological parameters 
of underground gasifier and process of coal seam 
gasification. Lines which characterize the changes 
of the rocks of roof subsidence during coal seam 
gasification in experimental laboratory unit are pre- 
sented on Figure 12. 


Subsidence, mm 





10 20 30 40 50 
Length of gasifier, m 


Figure 12. Subsidence of rocks of roof at gasification in 
experimental laboratory unit: 1 — 4 — ranging marks in the 
direct roof. 








The methods of laboratory researches included a 
choice and preparation of equivalent materials, for- 
mation and preparation of models, carrying out of 
experiment (Kononenko & Khomenko 2010). 

Analysing the results of experiments, it is possible 
to establish, that in the distance 0.5 m (2 m in nature) 
from a seam, the rocks of roof are added the inten- 
sive warming up by the gaseous products of borehole 
underground coal gasification due to their migration 
on cracks and stratifications in rock massif. 

Subsidence of rocks of roof in a maximum made 
67.2 mm, that it is related to the well-organized 
lowering and ash presents, which make 15 -— 18% 
from coal seam. Rocks swelling above a combustion 
face was calculated, coming from the coefficient of 
swelling K,,, = 1.27 — 1.42 (depending the chemical 
compositions of rock massif). 

In 2012, the experimental research on the bench 
experimental unit for modeling the underground coal 
gasification process was continued in a specially 
equipped room inside the territory of Donetsk electri- 
cal plant (Lozynskyi et al. 2014). It is one of the core 
companies of the group “Donetsksteel’, in order to 
establish the parameters of gasification process in re- 
spect to coal seams of Solenovsk deposit (Figure 13). 





Figure 13. Installation of experimental unit No 2: (a) general view of experimental unit; (b) formation of rock massif with 
installation of ranging mark and thermocouples in rocks of roof; (c) coal ignition with temperature control. 


As a result of the experiment on the test bench 
unit of the BUCG were obtained: the heating pa- 
rameters of temperature field around the gasifier, 
ignition and burning of the gasification channel in 
combined cycle. The changes in the energy balance 
of the reaction zones of the gasifier depending on 
the channel type of the blast injection and natural 
processes of generator gas composition are present- 
ed (Figure 14 and 15). The energy balance of the re- 
action zone of the gasification channel allows us to 
estimate the balance between chemical reactions 
and physical processes of gasification rates. 
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H2) with account the similarity factor depending on the 
type of blast injection and physical processes. 
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Figure 15. Energy of chemical zones in gasification chan- 
nel depending on the type of blast injection and physical 


processes: I-—oxidizing zone (exothermic reaction); 
II — reducing zone (endothermic reaction). 


In Figure 15 and 16 number 1 — blast injection; 
2 — blast injection enriched with O,-—25% post- 
reverse regime of gasification; 3 — blast enriched 
with O,-—30% and 20% steam (T= 128°C); 
4—blast enriched with O,—27% and 15% steam 
(T = 128°C); 5-— blast enriched with O, — 25% (O, 
supply in a pulsed regime) and 12% steam 
(T = 128°C); 6 — steam-air blast injection (in pulsed 
regime) O, — 21%, 10% steam (T = 128°C). 


Results of experiments showed that at a distance — 
0.4 m (1.6 m in nature) from the rocks of roof above 
underground gasifier subjected to intense heating of 
the gaseous products of BUCG (P = 0.25 — 0.3 MPa) 
due to their migration cracks and in percarbonic rock 
massif. Varying pressure in the oxidizen zone (exo- 
thermic processes) of gasification channel and taking 
of generator gases from the restoration zone (endo- 
thermic processes) in a gasgenerator with providing 
equilibrium of physical speeds and kinetic reactions, 
provided the combined serve of blowing mixture in 
the pulsating mode (Falshtyns’kyy et al. 2013). 

A temperature was controlled by the temperature- 
sensitive elements which were fixed in the TERA 
“Devices Systems” Firebird 2.1 database. The temper- 
ature balance and combustible gases outlet depending 
on the different blowing components during the time 
on the experimental unit is shown in Figure 16. The 
intensity of the warming of roof falls at the reducing 
expense of the sizes of breaking rock layers, the condi- 
tions of conductive heat exchange is observed. 
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Figure 16. Temperature balance (t°) and combustion gases 
outlet (V) depending of different blowing mixture in a 
time: I — Ignition; Il — air blast injection; III — blast injec- 
tion enriched with O, — 25% post-reverse regime of gasifi- 
cation; IV — blast enriched with O2 — 30% and 20% steam; 
V—blast enriched with O,—27% and 15% steam; 
VI-—25% (QO, supply in a pulsed regime) and 12% steam; 
VII — steam-air blast injection (in pulsed regime) 
O2 — 21%, 10% steam. 


On Figure 16 is shown, those during oxygen injec- 
tion the temperature balance and output of combus- 
tible gases were increased very fast. This is particular- 
ly evident after the reversal air injected, when the in- 
jected borehole is becoming a gas production borehole 
and inversely (gas production borehole is becoming 
injected borehole). At the same time during steam-air 
injection is performed extinction of coal burning parti- 
cles. Then, we need to provide re-activation of the gas- 
ification process by oxygen injection. 
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The distribution of temperatures on length of the 
reactionary channel is connected with the length of 
the channel, its section, the quantitative and qualita- 
tive structure of the blowing mixture and received 
gases, the extent of deformations and the tempera- 
ture indicators of rocks. 

The methods describing adequately the phenome- 
na of rock behavior cannot be described on the base 
of existing concepts of physics (Khomenko 2012). 

Rocks of roof subsidence above the gasifier were 
fixed by the Monitor QB program. Differences be- 
tween general results following investigation make 
up 1 —8 marks. The curves characterizing the rocks 
of roof subsidence are presented in Figure 17. 
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Figure 17. Rocks of roof subsidence in the process of goaf 
formation: 1 — 4 number of ranging mark. 


With the help of smoke exhaust in gas-pipeline 
formed estuary discharge point (discharge), which 
could provide additional waterproofing of combus- 
tion channel, due to redistribution of static and dy- 
namic groundwater of overlaying rock massif (Fal- 
shtynskyi et al. 2014). 

As we can see from the subsidence schedule (Fig- 
ure 17), the rocks of roof subsidence by a maximum 
8 sm, this is connected with the ordered subsidence 
on an ash residue (17 — 22% from the thickness of 
the gasified coal seam) and rocks swelling above the 
combustion face with account the factor of swelling — 
Kw. = 1.4. The error of conducted results makes be- 
tween 9 to 27%, with an average — 24.7%. 


4 CONCLUSIONS 


Technological scheme of borehole underground coal 
gasification, that are described allows to increase 
range of application the technology BUCG and in 
an environmentally safe and closed cycle with 
chemical products, energy and heat generation. 

The technology is effective at commercial and non- 
economic coal gasification in mine, do not requires a 
significant investment in deposit opening, mine de- 
velopment, utilization and waste storage, extends the 
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long life operating of mines, solves a major social 
problem of employment. Authenticity of model on 
the laboratory unit is provided by criteria of similarity 
to the mine and geological conditions of nature. 

The combined system of air injection and removal 
of generator gases allows to reduce time on ignition 
for 40% and to increase the speed of thermal prepa- 
ration of the gasification channel of a gas for 32% at 
the reduction of expenses on blast injection for 15 — 
18%. The variation of injection blast (air, oxygen- 
aerial, steam-oxygen-aerial and steam-air) gives the 
chance to derive the gasification process on neces- 
sary level of power gases. Reversive modes of oxi- 
dizing and reducing zones of underground gasifier 
is obligatory for maintenance of thermal balance of 
gasification process and provides a mode of kinetics 
of endothermic reactions during coal seam gasifica- 
tion. At a stable mode of gasification the outlet of 
generator gases make 1.82 — 2.49 m’/kg of coal with 
calorific value 2.05 — 2.36 MJ/m°* and composition 
of combustible components in generator gas CH, — 
3.6 — 15.2%, CO -9.5 — 22.3%, H,- 6.2 -— 25.8%, 
output of chemical matters 0.14 kg/kg coal. 

Stability of coal gasification at rocks instability at 
the increase of goaf in gasifier are provided: by suffi- 
cient impermeability of underground gasifier, varying 
of temperature and pressure in blowing, by point of 
transfer, and also support and control the thermal and 
adiabatic mode of zone in reactionary channel. 

Control of temperature and pressure regime dur- 
ing gasification process allow to define the parame- 
ters of injection blast pressure and mode of inlet and 
outlet streams, allowing to provide stability of gasi- 
fication during discontinuity of the rocks of roof and 
goaf growth. Warming the rocks of roof during gasi- 
fication process carried out by convection — 56.7% 
and conductive — 43.3% of heat transfer. 

Upper limit of heating the rocks of roof above 
underground gasifier make 8.4 — 9.2 m and is locat- 
ed between oxidizing and restoration zone. Heating 
the rock massif in the direction of stratification is in 
1.2 times less than normally and distributed in rock 
massif on distance 3.9 — 4.7 m from the combustion 
face. The volume of heated rocks of roof up to the 
temperature 100°C make 19.6%. 

In goaf rocks collapsed in the direction of stratifi- 
cation are heated to 50°C on the distance 7.6 — 
11.5 m from the combustion face. Volume of de- 
formed and collapsed rocks that are heated up to 
100°C above underground gasifier make 35.2%. 

Thermal conductivity of disturbed rock around 
underground gasifier is characterized by the influ- 
ence of convection (rock formation in the roof) and 
conduction (bedrock) in heat transfer and stored in 
per-cubic dependence on the intensity of fracturing 
rocks size of cracks and. 
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Results of applying drilling and injection 
technologies for strengthening soil massif 
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ABSTRACT: Results of work performance as for strengthening watered loess soils by cement and silicate 
solutions through inclined wells applying technology of pressure injection solution inside the floor are pre- 
sented. Given drilling and injection technologies allowed to provide safe operation of compressor station. 


1 INTRODUCTION 


At present, well drilling is widely used in industrial 
and civil constructions for erecting protective and 
support structures providing required bearing capa- 
bility of buildings and their safe operation. Piles of 
various applications, supporting walls, dowel and 
anchor supporting of mining and foundation area 
slopes are constructed using wells. Problems of pre- 
vention of building sagging at unstable floor and 
collapse of foundation area slopes are solved by the 
drilling and injection technologies. Landslides on 
the slopes are minimized. 


2 RESEARCH RESULTS 


Massif strengthening was performed in the mode of 
pressure injection of cement solutions inside the 
floor to stabilize the base of piston compressor 
foundation at Kremenchug petroleum processing 
plant. According to (Tielnikh et al. 2007 ) this work 
was performed by using vertical and inclined wells 
equipped with perforate injector. 

The necessity of work performance as for founda- 
tion base strengthening of piston compressors has 
arisen due to the equipment vibration increase 
caused by the floor watering at the depth of up to 
1.5—2 meters and possible sagging of foundation 
and walls of compressor station. Recorded water in- 
flow was within the range of 0.08 — 1 meters per day. 
The depth of foundation laying is 2 meters. 

Test exploratory well with the depth of 12 meters 
was drilled to refine current hydrogeological condi- 
tions at a distance of 50 meters from compressor sta- 
tion. It was stated that the soils at foundation base are 
sagging loess located at a depth of 5.3 meters. Water 
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bearing level is at a depth of 8 meters. There was no 
water while drilling test exploratory well at a depth of 
8 meters. Furthermore, chemical composition of un- 
derground water of the water bearing level and the 
water which was found out near compressor station 
was different. 

Thus, the main reason of soil watering near founda- 
tion of compressor stations is unknown. To find out 
soil watering analysis of geological and geophysical 
information which was obtained by the method of 
electric sounding was performed. Hence, anomalous 
area corresponding to the geodynamic structure of the 
north-eastern extension with high activity rate (the 
width is 14— 16 meters) near which compression sta- 
tion is located is highlighted. It was determined that 
anomalous area is natural drain for the surface and 
technogenic water of the large territory. It has become 
the reason of soil watering in the base of compressor 
foundation. Watering depth directly under the founda- 
tion of compressor station within sagged loess is not 
more than 3.5 meters. According to the results of 
study (Dudlya etal. 2011) connection with water 
bearing level is not found out. Furthermore, per- 
formed geophysical study allows to choose rational 
method of soil stabilization in the foundation base 
and to optimize work volume. 

Recovery of soil bearing capability at the founda- 
tion base was performed by the pressure injection of 
the cement and silicate solutions inside the floor with 
injectors which are within inclined wells drilled 
around foundations. 

Perforate metal pipe which is reinforcing element 
of the pile was used as an injector. According to the 
recommendations (Dudlya et al. 2011) soil stabiliza- 
tion was performed within the range of the depths of 
collapsing soil 0 — 5.3 meters (Figure 1). 





Drilling and injection piles with 
injection enlargement 


Figure 1. Layout chart of well location during soil strength- 
ening at the foundation base of piston compressors. 


Well drilling was performed directly inside com- 
pressor station by underground drilling machine 
BSK-2M2-100. Solution of bentonite clay with 
CMC was used as a drilling fluid. Water loss was 
4— 6cm? per 30 minutes. According to the design 
solutions floor-by-floor injection of 19.1 m* of cement 
and silicate solutions was performed within fifteen 
wells. Injection pressure was 4 — 10 atmospheres. It is 
necessary to point out that numerous returns of ce- 
ment solution to the daylight surface near wells as 
well as beyond buildings at a distance of 8 meters 
from the well where the solution was injected was 
recorded. While injecting cement solution to the test 
wells between foundations (inside the soil consoli- 
dated by injection) pressure injection has greatly in- 
creased (in some cases it was 25 atmospheres). It 
has become evident sign of sufficient massif consol- 
idation and increase of its bearing capability. 

Furthermore, repetitive geophysical studies show 
the absence of anomalous water inflow at the foun- 
dation base of piston compressors. Data comparison 
of results of geophysical study before and after solu- 
tion injection under the foundations of compressors 
shows that the area of the upper layer of ground wa- 
ter extension was considerably reduced and was 
shifted north-west outside construction. Electromag- 
netic field change with the radius of 20 —25 meters 
within the area of the plants is due to soil consolida- 
tion by pressure injection of cement and silicate so- 
lutions of the floor. It 1s given in Figure 2. 

It is necessary to point out that test vibration di- 
agnostics together with geophysical methods of 
quality control of performed operations was carried 
out to estimate technical state of piston compressor 
foundations in the process of soil reinforcing. Diag- 
nostic cargo canting with the weight of 
2000 kilograms within the area neighboring to the 
unit was performed as an impact percussion effect 
on the inspected units. 
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Figure 2. The map of water bearing soil extension within 
the area of compressor station after performing cement job. 


Figure 3 shows the results of performed investiga- 
tions. It is necessary to stress that overstretched 
front of foundation vibrations if response duration is 
1.2 seconds is clearly outlined. 

The first mode of foundation characteristic vibra- 
tions is dominant. There are eight cycles per second. 
They correspond to the frequency of the basic reso- 
nance equal to 8.05 Hz and have a great effect on 
high vibration initiation in operation process as they 
are close to vibration frequency of the compressor 
pipe which is 8.43 Hz. Time of the unit vibrations 
after excitation confirms the presence of the high 
humid soil directly under foundation bottom. After 
work completion as for injection floor reinforcing 
within the foundation of the piston compressors and 
strength development of cement and silicate solu- 
tions repetitive experimental investigations concern- 
ing impulse generation of the given units with data 
storage were performed. 

Figure 3 also shows the results of these studies. 
Time of the response after performed strengthening 
was 0.6 seconds. It is practically two times less than 
initial value. But it is necessary to point out that the 
first mode of foundation characteristic vibrations. 


G 


0.03 


oS 


il 
0.02 il 
i 
| 
j| | 
| 
|| it | 
l | l} A h 
met TM! Vo) () 
a 1 
0 I 
lif ij V y 
lifi i 
lifi 
lffi]! 
iffi! 
ifti 
i 
-0.02 i 
-0.03 


— before strengthening 


— after strengthening 
Figure 3. Mode shape of foundation decaying vibrations. 


(there are four cycles per second) which corre- 
sponds to the frequency of basic resonance domi- 
nates. It is 4.15 Hz. Decreasing curve of response 
reaction is not the smooth function. It shows the 
presence of the other modes of characteristic vibra- 
tions. Increase of the basic resonance frequency 
from 8.05 Hz to 4.15 Hz provides decreasing piston 
compressor vibration. 

Cutting foundation response time of piston com- 
pressors of the percussion impulse excitation is two 
times as much in comparison with initial value. It is 
the result of factual improvement of physical and 
chemical soil properties within considered area. 

Furthermore, surveying of the foundation vibra- 
tion and the sagging shows that there were no 
changes from the moment of finishing injection op- 
erations. 


3 CONCLUSIONS 


1. Determining massif state by geophysical methods 
allows controlling and changing its structural and 
mechanical properties using drilling and injection 
technologies. 
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2. Wells of collapsing loess sediments are neces- 
sary to drill using drilling fluids water loss of which 
is not less than 7 cm’ per thirty minutes. 

3. Soil massif strengthening in the mode of pres- 
sure injection by floor-by-floor injection of cement 
solution through perforate injector in complicated 
conditions of technogenic anomalies allowed in- 
creasing foundation strength of buildings, providing 
safe operation and improving ecological situation. 
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Sorbents of purify mine waters 
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ABSTRACT: The technology of sorbents based on coal combustion products through a variety of methods 
was researched. It is shown that these sorbents are distinctive because their structure has non-localized 
z-electrons of the graphite-like networks of crystallites of carbon. This circumstance determines not only the 
uniqueness of electro-physical properties of coal but also adsorption, redox, chemisorption processes on the 
border of coal-slurry. The listed circumstances allow you to use the original methods of chemical and mech- 
anochemical modification of the surface chemical and coal, due to introducing desired donor and acceptor 
atoms in carbon frame, which increases the absorption capacity and selectivity carbon sorbents. 


1 INTRODUCTION 


Ecological problems of mining, metallurgy, energet- 
ic and other industries include cleaning up of pollut- 
ed waters from oil and other petroleum products, 
salts of polyvalent metals, acids, etc. There are 
many sorbents, which differ according to the princi- 
ple of action, however, each of them works in cer- 
tain circumstances and is not universal. This causes 
the need of a universal sorbent, serving in different 
conditions and with different dirt. 

Very promising porous adsorbent is activated 
carbon. Owing to a combination of valuable quali- 
ties — highly developed porous structure, diversity 
of the chemical nature of the surface, special elec- 
trophysical properties as well as chemical, thermal 
and radiation resistance, activated carbon of various 
types is widely used for absorbing gaseous and dis- 
solved substances. The uniqueness of carbon adsor- 
bents is that the solutes substances can be absorbed 
by coal by different mechanisms, their sorption may 
be due to the different nature of substances. 

Knowledge of the mechanism of sorption of so- 
lutes allows you to develop efficient methods for 
extracting the latter from solutions of complex com- 
position, the separation of the mixture components 
in the sorption process, search, and synthesized 
carbon materials with high sorption capacity and 
high both individual and group selectivity. 

A distinctive feature of activated carbon as 
sorbents is that in their structure there are non- 
localized z-electrons included in the graphite-like 
networks of crystallites of carbon. This fact explains 
not only the originality of the electrical properties of 
the coal, but also adsorption, redox, chemisorption 
processes on the boundary of the coal-solution. 
These circumstances allow the use of original meth- 


111 


ods of chemical surface modification of coal by 
introducing the desired donor and accepting atoms 
in the carbon frame and thereby increase the absorp- 
tion capacity and selectivity of carbon sorbents. 


2 FORMULATING THE PROBLEM 


The aim of this work is the development of technol- 
ogy for production of sorbents from coal combus- 
tion products. 


3 MATERALS UNDER ANALYSIS 


Active coals represent one kind of microcrystalline 
carbon, which is characterized by high values of 
specific surface area, resulting in wide usage of 
activated carbon in the adsorption of various gases, 
vapors and solutes. 

The proportion of crystalline form during meta- 
morphism of coal increases, which is associated 
with the growth of flat aromatic and enshrined 
fragments (lamellae) by dehydrocyclization “bridg- 
es”, the dehydrogenation of acyclic rings and con- 
densation reaction and a gradual relative orientation 
of these fragments, forming a pack of several paral- 
lel layers of carbon. 

The organic matter of coal is heterogeneous. It 
consists of bitumen, humic acids and residual car- 
bon. The macromolecules of the so-called transi- 
tional forms of carbon contains carbon atoms in 
different states of hybridization of the valence elec- 
trons [C (sp°, sp’, Sp) ml. 

When considering the structure of the skeleton of 
the transitional forms of carbon, it is possible to 
allocate two basic elements: 


—crystal graphite-like part consisting of carbon 
atoms with sp’-hybridization; 

— atom molecular component of and a disordered 
(amorphous component, including the carbon atoms 


in different states of hybridization of valence elec- 
trons sp°—, sp°—, nsp—, atomic type frame. 

In Figure 1 the structure of the carbon frame of 
mixed type is shown. 





Figure 1. The structure of the carbon frame of mixed type. 


The frame of atomic-molecular structure is 
formed of crystalline and disordered fragments of 
structures with different types of carbon bonds 
chemically linked and combined in the spatial- 
polymer structure. 

The peculiarity of this structure is that this picture 
of the complex structure is implemented not only 
within samples, but also on its surface. 

At the vibro-loading as a result of local temperature 
increase at the moment of impact there appears possi- 
bility of transition of disordered parts in graphite struc- 
tural organization, resulting in the reorganization of 
the framework of the atomic and molecular structure 
to molecular diagram [C (sp°, sp, SP)m]—>[C (sp)n] 

Thus, the coals consist of mainly of carbon atoms 
organized into a condensed aromatic fragments with 
trigonal hybridization, which are connected in the 
space-polymeric structure carbon frag ments of 
diagonal (chain), trigonal (planar) and tetrahedral 
(frame) structure, forming a mixed type core — 
atomic-atomicmoleculer. 

In this regard, it is interesting to study the residual 
coal (RC). RC — this is the part that remains after 
extraction of the solvent and treatment with alkali. 
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It is important to note that the active sites in the 
coal will be located on the carbon atoms belonging to 
the surface of the frame: Sact = Sgen = Saet tS actt S acts 
where S -— the specific surface of coal. These centres 
will form a series of activated atomic compounds of 
frame type. 

At vibro-loading influence reactivity of the surface 
of the coal will depend on the degree of carbonization 
of the carbon substances and graphitization, and for 
carbonized centers Sact = Sgen = S act S acttS aco and 
graphite for maximum centres Saet = Sgen Sinact form- 
ing rows of atomic-atomicmolecular and atomic- 
molecular compounds, respectively. 

As is known (Balaz 2008), by mechanical disper- 
sion of coal mechanical destruction occurs, 1.e., rup- 
ture of valence bonds. This leads to the fact that in 
place of the old destroyed factions carbon-oxygen and 
carbon-carbon new atomic grouping and links appear. 
End groups and decomposed fragments of the struc- 
ture of coal serve as the sources of volatiles and solu- 
ble products, as well as parallelomania of condensed 
aromatic nuclei takes place. Physical and physico- 
chemical properties of coals are closely related to 
their molecular structure, which was formed during 
metamorphic transformations in coal body. 


The research objects were coals of different de- 
grees of metamorphism, the residual coal (RC) B 
brand, as well as sandstones. Residual coal (RC) 
represents a hydrocarbon frame of the organic mass 
of coal (OMC), obtained by exhaustive extraction of 
coal grade B chloroform. The feature of this carbon 
(RC) is that after the extraction “mobile molecular 
phase” is removed. 

Vibration activation was carried out in two re- 
gime grinding: continuous and periodic. The re- 
structuring of the coal studied by IR spectroscopy 
and chemical functional analysis (Svetkina 2013). 

Physical and technical characteristics of coals 
used in the process of vibro-impact loading is repre- 
sented in Table 1. 


Table 1. Physical and technical characteristic of used coals. 
A’, Ww‘, a Vv‘ 


Brand of coal % 0%, of % 


G (gas) 46 21 31 45.1 
LF (long-flame) 20.0 13.3 2.3 422 
B (bold) 26.1 3.0 09 32 

C (coking) 134 10 39 19.4 
S (skinny) 72 16 1.25 12.5 
OC (otoschenno caking) 369 26 485 18.9 


During vibro-loading we determined the content 
of functional groups (K®) on the surface of the coals 
according to the analysis technique. 

After vibro-loading in the periodic regime grind- 
ing of coals of different stages of metamorphism 
evaluation of the energy output of mechanical deg- 
radation was determined by carbon-oxygen and 
carbon-carbon bonds. 

The relationship between the vibroactivation ma- 
terial and energy output was carried out according 
to the formula (Danielyan & Torosyan 1991): 


G=W/l, (1) 


where G-—the energy yield, mol/MJ; W — the 
amount of product formed per unit time per | kg of 
crushed product, mol/(kg-s); /— energy intensity of 
the mill, MWt/kg. 

Experimental data of vibro-loading on the coals in 
the periodic regime grinding is shown in Table 2. 


Table 2. The process of destruction of coal at vibro- 
loading. 


The Coal 


destruction of 


chemical LF G B Cc oc Ss 
bonds 


Bond C—C 
Bond C—O 


0.04 
0.12 


0.43 
0.12 


0.19 0.09 O1 O11 
0.10 0.08 — 0.03 
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As seen from Table 2, mechanochemical trans- 
formations of chemicals of coal depends on the 
stage of metamorphism. 

Increasing of time of vibro-loading the solubility 
of RC increases, as well as the degree of aromaticity, 
and the atomic ratio H/C on the contrary decreases. 
In addition, as shown by functional analysis there is 
the destruction and changing the following atomic 
groups: —CH;3, =C—, -OH, —CH,-, =C=O, C;,,. 

In Figure 2 presents the kinetic curves of for- 
mation and loss of functional groups from the time 
of vibro-loading. 





Time, t (min) 


Figure 2. Kinetic curves of the formation of chemical 
groups and their destruction at vibroactivation: 1 — —CH),-; 
2 — Cy; 3 — =C-, =C=O; 4 —--CH3. 


Thus, the content of functional groups is deter- 
mined by the competing of processes of formation 
and destruction. Maximum concentration (C mol/kg) 
of atomic groups formed during vibro-loading are 
presented in Table 3. 


Table 3. The maximum concentration of functional groups. 


Concentration 
Loading 
of atomic 
The process time, 
pala groups [C], 
mol/kg 
The formation of —CH; 5.0 4.6 
Formation =C=O 5.0 2.4 
Formation CON 5.0 2.0 
Increasing C4, 5.0 38 
The loss -CH,— 1.0 10.3 


X-ray diffraction analysis of the products of the 
activation by the method of the vibro-loading 
showed that with increasing of time of loading the 
processes of structuring takes place we see increases 
of the size of the layer and the height of the cluster, 
the number of associated layers in it, and the dis- 
tance between layers is decreased. 

Analysis of experimental data shows that in the 
process of vibro-impact loading in the periodic 
mode, there is a gap bridging —CH,— and —CH,-CH,— 
linkages between condensed aromatic fragments in 
the layer, and the formation of —CH3 groups (the 
period of the y-band 4.44 — 4.70 A). 

In connection with the degradation of methylene 
bridges, a reduction of residual structural units of 
coal relative from —OH to 520 a.e.m takes place. 

Vibroactivation of RC was carried out in a con- 
tinuous mode of grinding, passing the material 
through the grinding chamber a certain number of 
times to set the path of the grinding of Z equal to 1, 
2 and 3 meters. The results of the experimental data 
are presented in Table 4. 


Table 4. The experimental dates of vibroactivation. 


Length of Specific 


Ne grinding surface area Angle of 
path L, m S, m°/g WONNE G 
1 0 0.25 40 
2 1 0.69 41 
3 2 0.75 41.5 
4 3 0.75 41.8 


Functional chemical analysis showed that crush- 
ing of coal in continuous mode, the interaction of 
coal with oxygen takes place, resulting in the for- 
mation of surface and bulk oxides of the basic or 
acidic nature. Thus, as a result of the vibro-loading 
of the shelter various oxygen-containing groups and 
layered compounds of introduction are formed on the 
surface various. Deformation of carbon layers due to 
internal source stress and a wedging effect of the 
introduced foreign phase in the form of microcrystal- 
line grafite like compounds lead to a reduction in the 
size of crystallites to a complete amorphization RC. 

Surface properties of coal have been studied for 
continuous and periodic modes, using IR spectros- 
copy and thermography. The appearance in the IR 
spectro absorption bands 1740, 1780, 1880 cm! 
indicates the presence on the surface of activated 
carbon carboxyl and carbonyl functional groups. 

It should be that at the vibroactivation of materi- 
als the adsorption capacity of the crushed particles 
increases. In this regard, experiments were conduct- 
ed on determination of adsorption isotherms of acti- 
vated coals. 
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Analysis of experimental data of adsorption of 
some inorganic electrolytes (in particular of alumi- 
num sulfate, the concentration of which is equal to 
101%) from the time of the vibro-loading shows 
that there is a change in adsorption capacity of alu- 
minum sulfate. The formation of active oxygen on 
the coal surface in the form of carbonyl, carboxyl 
and hydroxyl groups leads to an increase of negative 
charge on the activated material. In this regard, 
there is an amplification of the electrostatic interac- 
tion between the cation of aluminum and the “ac- 
tive” oxygen of coal surface, and as a result, the 
increase in adsorption. 

To give active coals selective properties, for ex- 
ample, with respect to certain metal ions for their 
selective extraction from aqueous solutions of com- 
plex salt composition they are usually subjected to 
oxidation at relatively low temperatures (300 -— 
450°C),as a result in the weight content of oxygen 
in coal can reach 13 — 14%. 

Surface chemistries activated coals do not rep- 
resent a new phase on coal, but are functional 
groups of the particular nature associated with the 
peripheral carbon atoms in the graphite-like nets 
of crystallites of coal. Despite the large number 
of papers devoted to the chemistry of the surface 
of the coal, the question about the nature of sur- 
face chemical compounds of activated coals can 
be considered one of the most complex and least 
understood. In this regard, it should be noted that 
most researchers link as acid-base and redox 
properties of active coals with the existence on 
them of certain functional groups of differences 
of nature. Since the study of the chemical nature 
of the surface compounds of coal, included the 
study of their sorption capacity against acid and 
alkali, we introduced the idea of basic and acidic 
oxides on the surface of the coal. Taking into 
consideration that the amount of chemisorbed 
carbon oxygen is always higher than its content 
in basic or acidic groups, we introduced the idea 
of nonionic surface oxygen compounds to explain 
this discrepancy. 

If the coal after activation comes in contact 
with oxygen or air at a low temperature, for ex- 
ample 0 to 100°C, then compounds of the main 
character form on coal surface. Although the basic 
nature of oxides still remains insufficiently under- 
stood, it is established that the basic oxides are 
products of chemisorptions of oxygen on coal, 
which correspond to high values of adsorption 
energy of oxygen on the more active parts of the 
surface of coal. The oxygen of these oxides in 
contact with water or aqueous solutions goes into 
solution in the form of hydroxyl ions, charging the 
surface of the coal positively. 


At temperatures of 400 — 500°C the interaction of 
oxygen with coal is different. In this case, the coal 
hemosorbents 13—15%, and by some data up to 
22 —25% oxygen, which firmly binds the coal in the 
form of various surface oxygen-containing compounds. 
About 1/5 of chemisorbing in these conditions, oxygen 
is a member of various protogenic groups. 

Carbon sorbents can be obtained by high- 
temperature prossesing of coal and, in particular, by 
burning. The optimum carbon content in the sorbent 
can be achieved by regulating the combustion pro- 
cess of coal combustion, or by separation of the 
resulting products. The separation process can occur 
in air (electric and pneumatic separation) and water 
(flotation, selective flocculation, etc.) environment. 

To obtain the sorbent raw coal is subjected to ru- 
ined grinding to a particle size of 10- 500 mkm 
when the content of coarse fraction is 90 mkm 
10 -70% and burn in the boilers of thermal power 
plants (TPP) at 1200 — 1500°C. As a result of ther- 
mal processing of carbonaceous raw materials at 
such the specified temperature the output of the 
sorbent increases and the obtained product at 
45 —60% consists of a carbonaceous fraction and 
20 — 55% of particles of silicates of spherical shape. 

The sorbent obtained by the proposed method, in 
contrast to the known ones allows purification of 
mine waters from viscous oil, the content of which 
may vary from a few milligrams per liter to tens of 
grams per liter. 

Table 5 shows that the decrease in the content of 
the coal fraction less than 45% reduces the cleaning 
efficiency by reducing the sorption capacity of the 
mixture and worsens the conditions of its subse- 
quent combustion. The increasing content of coal by 
over 80% does not affect the completeness of puri- 
fication of waters. 


Table 5. The influence of content of carbon fraction on the 
degree of purification of mine water. 


The content of Content of kerosene 


components, wt. % in water, mg/l 1e 
; degree of 
Alumi- Before 
The coal = After purifica- 
, nosili- filte- ; near 
fraction ; filtering tion, % 
cates ring 

25 75 72 4.1 76.3 
35 65 16.4 2.0 87.3 
45 55 15.8 0.9 94.3 
55 45 19.5 0.5 97.4 
65 35 18.9 0.4 97.8 
75 25 15.2 0.3 98.2 
85 15 16.7 0.3 98.2 


The content in the filter mixture is of silicates less 
than 20% reduces the rate of filtration of polluted 
water. The increasing of the content of aluminosili- 
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cates more than 45% reduces the degree of purifica- 
tion due to the decreasing in the sorption capacity of 
the mixture. The sorbent saturated with apolar sur- 
face-active substances is not exposed to regenera- 
tion as it is a cheap material and is burned in boilers. 

The mineral component of the sorbent is repre- 
sented by the particles of aluminosilicates of spheri- 
cal shape the existence of which allows to increase 
the speed of filtering the purified water through a lay 
of sorbent and to improve the effectiveness of their 
puring. The presence in filtering mixture coal parti- 
cles and silicates with different hydrophobic proper- 
ties, increases the sorption capacity of the filter. 

Products of high temperature processing, obtained 
by the method described above are effective sorbents 
of apolar surface-active substances (SAS), including 
petroleum products. At mixing of the sorbent with 
sewage, polluted, for example, with fuel oil and vis- 
cous engine oils, oil agglomeration occurs, 1.e. the 
formation of agglomerates as granules size 1 - 5 mm, 
consisting of particles of the sorbent. 

Thus, the sorbent obtained on the basis of waste 
of Pridneprovskaya GRES after high-temperature 
activation can be applied for waste water purifica- 
tion from various contaminants: metals, electrolytes, 
superficially surfactants substances and organic 
substances. For wider application of ashes of power 
plants as sorbents and utilization of waste, polluting 
the environment, studies have been conducted to 
study the properties of these sorbents. 


4 CONCLUSIONS 


At vibroactivation of waste of thermal power plants 
the activation of the surface takes place which leads 
to additional active centers. 

It’s found that the most effective are sorbents ob- 
tained by special burning of certain grades of coal 
under the WES. 

It is shown that the obtained sorbents with their 
sorption properties are not less than known ampho- 
teric the adsorbents. 
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ANNOTATION: The article presents results of work on 3D modeling for underground workings and above 
mine objects, carried out on the basis of ArcGIS, with the use of stored materials as initial data, as well as 
newest materials of ground and air scanning. Selected modes of laser scanning provided a high level of accu- 
racy of the representation of objects in the horizontal and vertical position. 3D model has a specific purpose. It 
is intended to assess the visibility of designed mine objects. The use of three-dimensional modeling techniques 
in geographic information systems greatly increases the effectiveness of a variety of tasks of Geodesy and 


Cartography. 


1 INTRODUCTION 


Geographic information systems (GIS) for the collec- 
tion, storage, processing, access, display and distrib- 
ute spatially coordinated data (spatial data) are an 
indispensable tool in the resource inventory, analysis, 
evaluation, monitoring, management and planning 
and serve as support in making solutions. Three- 
dimensional modeling of any object with the use of 
GIS include materials in the form of vector maps, 
satellite images, photographs, three-dimensional 
models, diagrams, plans, diagrams, graphs, tables, 
databases, multimedia, and text documents. In con- 
nection with the formation of new independent states 
of the former Soviet republics, from 1 January in 
1992 stopped the existence a single cartographic and 
geodetic survey of the USSR. However, the needs of 
the political and economic development have necessi- 
tated the establishment of national cartography and 
geodesy services. 

At the present time in the Republic of Kazakhstan 
in connection with the global changes taking place in 
the whole of its territory, the rapid development of 
the construction, development and updating of topo- 
graphic maps has become an urgent task in the field 
of geodesy and cartography. 

Contemporary development of information tech- 
nology in the field of geodesy, cartography and inte- 
gration with adjacent fields of science broke new 
ground in the principles of production, processing 
and storage of spatial information. In recent years the 
market for geographic information systems took the 
leading position. 
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All GIS systems are based on information tech- 
nology, creation, processing and complex analysis 
of difficult structured digital cartographic and geo- 
detic information. That is one of the important is- 
sues in the creation with the latest facilities, which 
would lead to a rapid, completely new type of data 
collection and data quality, reduce costs and reduce 
turnaround time. The transition from traditional 
methods to modern technology with the use of 
methods and means of satellite geodesy led to the 
development and wide application of global naviga- 
tion satellite systems (GNSS). Along with it, recent- 
ly brought to the forefront the problem of control of 
the environment and predict potential of multi- 
temporal changes in natural conditions in different 
regions. This explains the special attention to the 
study of the dynamics of geo systems, the processes 
occurring in the Earth's crust and the creation of 
dynamic maps of natural phenomena. 


2 RESEARCH OF THE RECENT 
RESEARCH AND PUBLICATIONS 


Relevance of article due to the need to geodetic stud- 
ies and the national economy in the operational study 
of the dynamics of natural objects and phenomena in 
order to prediction their development, as well as the 
widespread introduction of satellite Positioning of 
coordinates (ASPC) computer mapping techniques, 
allowing to reflect the complex geo systems more 
adequate. In the development of methods for solv- 
ing problems of cartography had contributed: 


A.M. Andreev (Andreev 1995), A.M. Berliyant (Ber- 


lryant 1986), A.S.Vasmut (Vasmut 1983), 
A.V. Koshkarev,  I.S. Tikunov, A.M. Trofimov 
(Koshkarev 1990, Koshkarev et al. 1991), 


S.N. Serbreniyk (Serebrentyk 1999) and others. 

Currently, despite of the definite achievements to 
carry out work applied differing modern methods 
and means. But all of the methods and equipment 
that used to achieve these goals, don’t always eco- 
nomically and technically compensated. Application 
of 3D laser scanning due to the high cost of equip- 
ment, excessive density and accuracy of measure- 
ments is a promising method. Stereo topographical 
method has disadvantages when taking pictures with 
high density of building and dense woody vegeta- 
tion, requires certain rules and time limits execution 
skilled personnel and is not rational in terms of cost 
of works and equipment. Modern methods of satel- 
lite technology have found great application. These 
technologies are developing dynamically in the 
integration with the region of high computer tech- 
nology and can solve a wider range of surveying 
and mapping tasks. According to the results of the 
comparative analysis in the first stage we can say 
that the built environment is the most preferred 
method of combined Survey, using tachometric and 
satellite as the most operative maneuverable and 
economically effective method for large-scale Sur- 
veying. Works are almost independent of the time of 
day and weather conditions and can be carried at 
any time of the year. Maximum economic efficiency 
is practically achievable at use of modern electronic 
tachometers and integrated apparatus of Satellite 
Positioning of coordinates (IASPC). 

Therefore, further technological processes con- 
sidered of using modern appliance as hardware and 
software. 

This study would be incomplete if you do not see 
at least the basic and most common hardware and 
software. To date, these programs have become an 
integral part of the process in creating, maintaining 
and updating of dynamic maps of nature. During the 
last century there were constantly changes in the 
state technical and software used to perform field 
surveying, creating cartographic information. These 
changes are associated with the development of IT- 
technologies, automation requirements of all types of 
surveying and introduction of the latest advances in 
science and technology. Actual tasks performed in 
real time by surveyors, require the use of new tech- 
nologies and high-tech equipment, the use of inte- 
grated devices and software tools that allow solving 
them as soon as possible with a maximum economic 
efficiency. Now widely are used geodetic instru- 
ments of a new generation that would quickly solve 
the problems of cartography in an automated mode 
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with a completely new principle of collecting infor- 
mation on the spatial locality. Such measuring devic- 
es are equipped with integrated computing facilities, 
full-color screens and storage devices, creating the 
possibility of recording and storing the measurement 
results for further use in the technological process. 
At cameral processing of the results of field work it 
is necessary a high performance and multifunctional 
software to translate raster information in digital 
form and the actual formation of a digital map. 

Currently, Integrated Automated Positioning Sys- 
tem (IAPS) of Geodesy and Cartography has great 
importance. Processing of the results of field meas- 
urements is made using special software. To consid- 
er in detail the programs in this study has no mean- 
ing, because each manufacturer for the processing 
of measurement results obtained by appropriate 
devices offers its program solution. 

Therefore at presentation of the materials are con- 
sidered GIS, focused on the work with IASPC and 
joint use of raster and vector materials (photo plans, 
maps, digital terrain models), which provides: recod- 
ing and converting the array, “raw” data; translation 
of starting materials into a vector form; binding to 
vector objects databases of semantic information; 
organization of relationships between objects; with 
extensive functions on analysis jointed and separated 
metric and semantic information. Software tools can 
process large amounts of data. Certain preference, 
simplicity of learning and use in specific works in 
Kazakhstan bring to the fore “MapInfo”. However, 
long-term use and world experience of using GIS 
technology ArcGIS, in countries with a high level of 
informatization allow us to speak of its advantages 
over the others. The fact that demonstrates the quali- 
ty of this program is the use of this product by the 
RK Agency for Land Management, Department of 
Defense and cartographic factory in Kazakhstan. 
Those facts allow us to say more advanced and mod- 
ern ArcGIS system in the creation, renewal and store 
dynamic maps using GIS technology and (IASPC). 

To summarize the analysis of this stage we can con- 
clude the following: the main criterion for the selec- 
tion of instrumentation and hardware is the opportuni- 
ty to work with a lot of information, simplicity of use 
and compatibility with GIS packages. As a result, it is 
clear that existing technologies and methods do not 
allow talking about the introduction of new technolo- 
gy in production. According to the results of the anal- 
ysis with existing devices, hardware and software 
necessary to develop a universal method and technol- 
ogy for joint use and application of modern surveying 
methods, modern technical equipment and GIS. This 
tendency is dictated by the requirements and timing of 
works is an important task in the field of geodesy and 
cartography. It is extremely important from the point 


of view of economic efficiency, the use of modern 
combined method for the process of creating, pro- 
cessing, storage, distribution and update digital maps 
(Nurpeisova & Kirgizbaeva 2010a). 


3. RESULT OF INVESTIGATION 


Architecture of the system of universal technologies 
for creating products using IASPC and GIS technol- 
ogies, consistent with the principles and require- 
ments of its construction, identified from the analy- 
sis of the domain in the first section focuses on the 
following tasks: 


— minimization of expenses and labor; 

— operative monitoring and updating of topo- 
graphic maps and plans; 

— versatility and simplicity of use of the entire ge- 
ospatial information; 

—maximum automation of carrying out all 
processes; 

—compatibility of formats and conversion of 
information; 

— exceptions of gross errors and quality control of 
finished products. 

Given universal technological scheme involves 
the use of modern methods of surveying and hard- 
ware and software (Figure 1). 
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Figure 1. The technology of surveying with the use of IASPC and GIS technologies. 
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Technological process includes four main stages: 
1) preparatory; 2) field; 3)cameral; 4) quality 
control and acceptance of finished products. 

In the first stage of the bank's existing geospatial 
data collected all available information about the area 
in which it is supposed to conduct work. 

In the second stage work is carried out in the 
field. At the satellite and tachometric method bri- 
gade may consist of two people, which greatly re- 
duces the cost of wages. Inspection of the initial 
frames is carried out in the field and determined the 
changes since the last update of the plan or map. 

The next step is the creation of Surveying bases. 
With the advent of satellite methods to create justifi- 
cation for the Surveying has become easier and faster. 
A new level of surveying equipment allows to pro- 
duce maximum integration with the use of GIS. 

Apart from of geodetic measurements receiver en- 
ables to collect semantic information in the field, 
which is encoded using the selected and loaded clas- 
sifier. In carrying out field work additionally collects 
a variety of photos and videos, which can also be 
tied to the project and put in the database. Besides, 
any picket point information can be written in text or 
audio format. Minimum of two devices requires for 
field works with high accuracy: one (base station) 
works on a point with exactly known coordinates, 
and the other (the rover) — a t the point to be sur- 
veyed. Most of the static observations can be carried 
out in an automated way. 

Mapping methodology on models, processing and 
drawing facilities are usually automated, entry of 
new GIS data begins after the selection of the classi- 
fier and the creation of the survey project. At the 
third stage carried out the analysis and processing of 
field measurements and their conversion into a GIS 
area for: creation, filling, storage, updating and 
preparing of maps for printing (Nurpeisova & Kir- 
gizbaeva 2010b). 

Thus, three-dimensional modeling is an integra- 
tion of GIS data from various sources into a single 
system. 

The use of three-dimensional modeling techniques 
in geographic information systems greatly increases 
the efficiency of a wide range of applications in ur- 
ban planning, architectural planning, in creating of 
navigation systems and so on. 

A three-dimensional Geographic Information Sys- 
tem, first of all, develops a modern tool of manage- 
ment of cities and regions, based on the use 3D- 
technologies for sustainable development of the 
state; increases the efficiency of established and 
newly created information systems of state signifi- 
cance. The distinctive advantage of using 3D-GIS is 
the rapidity of assessment the situation and accuracy 
accept the decision, the integration of GIS data from 
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various sources into a single system. Possibilities of 
3D-GIS consist in the following: monitoring of 
means of transport with navigation systems; the use 
of a unified address-information database with a 
multifactorial; providing access to information, 
which is difficult to obtain from other sources; low 
expenses for modeling processes related to a signifi- 
cant change in appearance of the mine objects; visi- 
bility of situational and analytical information; the 
use of a unified address-information database with 
the multifactorial searching. 

3D-GIS applications are widely used in the field 
of safety. The system is a set of specialized modules 
for solving a wide range of complex problems relat- 
ed to the management and maintenance of the prop- 
erty, from the security of a larger complex to man- 
age and accounting for leases separate facilities. A 
distinctive feature is that the system is based on 
web-technologies and can run on any computer 
from anywhere in the world through a standard 
web-browser (Internet Explorer, Mozilla Fire Fox, 
Google Chrome and etc.), does not require installa- 
tion on your computer, making the decision univer- 
sal, works on almost all operating systems and plat- 
forms. Thus the system has a high degree of protec- 
tion against unauthorized access. All information 
systems are stored in a single database that allows 
multiple employees to work in real time with single 
and up to date information. Moreover the module 
enables optimal and efficient to choose space for 
installation of cameras. 

Providing module of the security object easily 
complemented into the system. For this case, the 
camera indoor and outdoor observations “attached” 
to the three-dimensional interactive model of the 
office building (and its surroundings). So the cam- 
era images are not displayed as a mosaic of images, 
and are projected directly into the 3D-model, which 
significantly increases the visibility and perception 
of the degree of the video stream. 

The Main System is based on multi-functional in- 
teractive three-dimensional model of object and 
surrounding territory. The three-dimensional model 
is built with a high degree of detail on the basis of 
the set of accurate and reliable data (from floor 
plans and schemes of construction of communi- 
cations, to sketches and photographs). This ap- 
proach allows us to create a three-dimensional mod- 
el with the level of detail that is needed to solve 
specific problems of controlling object. At the same 
time the model can be created and still being built, 
reconstructed or even a developed building. The 
functional interactive three-dimensional model al- 
lows you to display an object with any point of in- 
spection from the outside of the building, and from 
the inside. It is possible to view the floor repeater 


and cross sections of building and location diagrams 
of communications, security systems, firefighting, 
etc. Three-dimensional model can also reflect the 
characteristics of the interior layout and decoration. 
Thus, 3D-GIS allow us to represent the described 
object in as close to real form in the most visible 
manner and with the necessary details. 

While working with mining elaboration models 
implemented the following idea. During the design 
phase of mining operations are creating capital 
model project of mine elaborations, which are locat- 
ed in the corresponding horizon. At the stages of 
implementation of these projects move into a group 
model of the actual elaborations (Figure 2). 





Figure 2. 3D model of the infrastructure capital mine elab- 
orations. 


In process of occurrence data about the drifting of 
the workings made gradual replacement of sections 
on actual project with binding to sections of the date 
of their amount of drivage. In the 3D model is pos- 
sible to realize the full information on each site of 
mining operations. 

One of the major works of surveying service is 
orientation through one vertical shaft. Modeling of 
the process of contiguity by connecting triangle is 
shown in Figure 3. 





Figure 3. 3D modeling of process orientation in | shaft. 


Three-dimensional modeling of the processes 
used in solving problems of forecasting and risk 
assessment of emergency situations, he definition of 
flood zones and pollution, drainage area, avalanche 
areas, the level of soil erosion, etc. 


CONCLUSION 


In such a way three-dimensional models are effective 
for using in various fields of human activity. There- 
fore, for today one of the main trends of the world 
market in the design is the transition from two- 
dimensional to three-dimensional modeling design, 
as well as the introduction of modern three- 
dimensional GIS and come to the fore. 
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The results of gas hydrates process research in porous media 


V. Bondarenko, K. Sai, K. Ganushevych & M. Ovchynnikov 


National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: The results of the gas hydrates formation process research are received using various porous 
media. A series of laboratory experiments directed to receiving gas hydrates samples in climate regulation 
chamber KTK-3000 is conducted. The change of parameters of gas hydrates formation process at rock sand 


presence as porous medium is established. 
1 INTRODUCTION 


High prices for hydrocarbons and depletion of tra- 
ditional hydrocarbon deposits are pushing humani- 
ty to search for alternative sources of fuel, which 
are gas hydrates, shale gas, coal bed methane and 
technologies of coal seams development (Ovchyn- 
nikov et al. 2013, Ganushevych et al. 2014, Fal- 
shtynskyy 2012, Lozynskyi 2015). Gas hydrates are 
considered to be one of alternative and potentially 
extensive sources of gas. Preliminary estimates of 
the world gas hydrates reserves indicate they con- 
siderably exceed existing reserves of natural gas. A 
number of leading countries of the world, such as 
the US, Canada, Japan, India, Norway, Germany, 
shows great interest in creation of technology of gas 
hydrate deposits development. 

Natural gas hydrates present a metastable mineral, 
formation and dissolution of which depend on pressure 
and temperature, gas and water composition, and prop- 
erties of the porous medium they are formed in, too. 

The major part of hydrates can be found in pore 
spaces of sedimentary rocks but not in a free state 
(in the water). If hydrate deposits locate at shallow 
depths, they form a layer of several hundred meters 
thickness, and, if they happen to be found on larger 
depths (several kilometers below sea level), the 
thickness goes up to 1 km. To ground rational pa- 
rameters of the systems of natural gas hydrates de- 
posits development, it is necessary to explore in de- 
tails characteristics of the gas hydrates stable exist- 
ence in pore spaces. 


2 STUDYING THE PROCESS OF 
GAS HYDRATES PROPERTIES 
IN POROUS MEDIA 


The first information on the gas hydrates formation 
conditions in porous media was received by 
Y.F. Makogon in 1974. The experiments were con- 
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ducted on quartz sand and natural core samples with 
usage of methane. It was ascertained that comparing 
to free volume the temperature of the beginning of 
hydrate formation decreases by 2 —4.5°C, and im- 
pact of the porous media on the conditions of the 
beginning of hydrate formation weakens while pres- 
sure rises. Also, he introduced analytical description 
of the conditions of gas hydrates formation in po- 
rous media. That description is based on intercon- 
nection of the bond water content and vapor pres- 
sure above it. This implies that with decrease of par- 
ticles’ diameter, which form the porous medium, 
and the pore water capillaries the temperature of the 
beginning of gas hydrates’ formation in porous me- 
dia considerably reduces (Makogon 1974). 

Many researchers (S. Dallimore, CoUett T. Field, 
E.M. Chuvilin, V.S. Yakushev, S.E. Grechishchev, 
V.I. Ponomarev) hypothesize about existence of 
clusters of gas hydrates at depths more than calcu- 
lated by baric and temperature depth conditions. 
Under equal conditions of gas saturation level and 
the temperature regime of hydrate formation, to a 
greater extent, will be determined by characteristics 
of the soil, and namely, mineral and granulometric 
composition and primary moisture. Movement of 
unfrozen water can occur during the formation of 
gas hydrates in ice-containing porous rocks, and this 
phenomenon might play an important role in nature 
(Dallimore et al. 1996). 

In their work, J.F. Wright, F.M. Nixon, T. Uchida 
presented laboratory results of examination of ther- 
mobaric conditions of gas hydrate stability in waste 
rocks from the JAPEX/JNOC/GSC Malik 2L-38 
borehole off the stratums at depths of 897 — 952 m. 
Together with that, influence of the dusty fraction 
content and moisture mineralization in pores on de- 
cay of gas hydrates in the ground was investigated. 
The authors also noted that in the absence of the 
dusty fraction and low salinity (4%o) there is no sig- 
nificant impact on change in the temperature and 
pressure conditions for hydrate stability. However, 


with salinity increased to 40%o measures of these con- 
ditions move to lower temperatures and higher pres- 
sures, while the shift of the temperature reaches 2°C. 

When forming gas hydrates in salt deposits, in- 
crease of the mineralization level of pore fluids may 
eventually move thermobaric conditions of gas hy- 
drates’ constancy to some extent at which their fur- 
ther growth stops. On this basis, there is a possibil- 
ity of a very high content of gas hydrates in non- 
saline sandy deposits while fine-dispersed rocks 
may not contain hydrates at all (Wright et al. 1999). 
In fact, these data do not fully consist with the re- 
sults that have been obtained by V.P. Melnikov and 
A.N. Nesterov. The authors conducted experiments 
on the hydrate formation process from brine and it 
was established that the amount of gas hydrates 
formed from mineralized water is bigger than off 
pure water (Melnikov & Nesterov 1997). 


3. STATEMENT OF THE PROBLEM 
OF THE RESEARCH 


In connection with quite different opinions and hy- 
potheses, it was decided upon reasonability of con- 
ducting a series of experiments to explore the pro- 
cess of hydrate formation in porous media. Hereby, 
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the aim of this research is to create models of the 
host rocks of bottom marine sediments and carry out 
a series of experiments on the production of gas hy- 
drates under conditions similar to the natural ones. 


4 MAIN MATERIAL AND RESULTS 


Methods of experimental researches of the hydrate 
formation process are based on physical modeling 
and natural experiments in the KTK-3000 climate 
regulation chamber. This methodology is built on 
usage of the experimental NPO-5 plant (Figure 1) 
which allows to simulate specified parameters of 
the process of gas hydrates’ production in a wide 
range of temperatures and pressures. In general, the 
technique of experimental research includes prepa- 
ration of the samples for physical modeling, con- 
ducting a series of experiments and processing of 
the experimental data. 

For the most of the previous studies on the hy- 
drate formation process in porous media, artificial 
media were selected as for the hydrate-forming 
environments that were modeled with glass beads, 
silica gel, substance (Tohidi et al. 2001, Smith et 
al. 2002, Uchida et al. 2002). 
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Figure 1. Laboratory unit for gas hydrate receive: 1 — methane tank; 2 — cylinder valve; 3 — cylinder with carbon dioxide; 

4 — high pressure gauge; 5 — adjustable gear; 6 — gauge of low pressure; 7 — rigid frame; 8 — cylinder of water pressure 
unit; 9 — water; 10 — unit to supply water under pressure; 11 — rod of the water pressure unit; 12 — rod of the hydraulic 
jack; 13 — hydraulic jack body to produce 5 MPa pressure; 14 — water pressure gauge; 15 — water feed control valve; 
16 — water input choke; 17 — cylinder transparent window; 18 — gas input choke; 19 — device for the formation of gas hy- 
drates; 20 — block of LEDs; 21 — transparent window; 22 — rod; 23 — guide flange; 24 — coupling bolts with nuts; 
25 — power battery; 26 — tank for removal of substituted methane. 


For experiments carried out in this research nat- 
ural sand with varying grain size and kaolinite clay 
were used. 

During the experiments, as gas hydrate-forming 
gas methane was being used because it is its hy- 
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drates which are the most commonly spread in na- 
ture and form gas hydrates’ deposits in the Black 
Sea. The actual volume fraction of methane is 
94.5%, the rest accounts for homologues of me- 
thane (Table 1). 


Table 1. Composition of the hydrate-forming gas used in 
experimental studies. 


Composition of gas Percentage, % 


Methane 94.5 
Ethane 2 
Propane 2.5 
Butane l 


In the experiments, five samples, which simulated 
porous media for formation of gas hydrates, were 
used. The temperature of the hydrate-formation pro- 
cess was maintained constant in the range of 
+8...+9°C for all of the experiments. The start pres- 
sure for the hydrates’ formation of each experiment 
was obtained by injecting gas into the reactor and 
subsequent determination of a sharp drop of the 
pressure in the reactor which indicated dissolution 
of the gas molecules in the water molecules, and as 
a consequence — the beginning of the gas hydrates’ 
crystals’? formation. After reducing the pressure, it 
was artificially augmented to a value determined 
experimentally for each case using a sample of a 
rock, and kept then constant until the end of the pro- 
cess of hydrate formation. Completion of the gas 
hydrates’ formation was defined by visual inspec- 
tion through a window in the reactor. 

As the control experiment, a hydrate sample was 
obtained by free contacting of water and gas under 
appropriate thermobaric conditions as simulating the 
conditions of formation of the gas hydrate deposits 
in the Black Sea (Figure 2). 

Stages of the gas hydrate’ formation are shown in 
the Figures 2—7, wherein: I—the stage preceding 
the hydrate formation (pressure buildup); II — the 
stage of the formation of the gas hydrates’ crystalli- 
zation centers; II] — the stage of the process of the 
active hydrate formation; IV — the stage of the hy- 
drate consolidation. 
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Figure 2. Stages of the formation of a gas hydrate when 
free contacting of gas and water. 
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Figure 2 shows that the process of hydrate for- 
mation with the free mixing of gas and water started 
after 4 hours when having reached a pressure of 
7 MPa. The beginning of nucleation of a gas hydrate 
is marked with a pressure surge to 5.5 MPa, indicat- 
ing that the gas has dissolved in the water. Further 
formation of the gas hydrate was occurring at a 
pressure of 8 MPa. 

For obtaining the second hydrate sample, coarse- 
grained sand was selected as a porous medium; to 
produce the third specimen, middle-grained sand was 
chosen; the fourth case was examined by using some 
fine-grained sand; for the fifth one — coarse-grained 
sand with the addition of clay particles (10% of the 
particles based on the weight of the sand) was picked; 
and the sixth test was carried out with use of middle- 
grained sand with the addition of clay particles (10% 
of the particles based on the weight of the sand). 

Parameters and stages of the hydrate formation 
process of these experiments are shown in the 
Figures 3 — 7. 
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Figure 3. Stages of the formation of a gas hydrate in the 
sample of coarse-grained sand, gas and water. 


The conducted experiments showed that parame- 
ters of the methane hydrate formation applying 
coarse-grained sand are almost identical to the pa- 
rameters of the hydrate formation process when 
there is a free gas-water contact (Figure 3). Thus, 
deviation of barometric scale constituted ~1 MPa 
towards increasing the pressures of the hydrate for- 
mation beginning when a coarse-grained sand sam- 
ple used and which reached 8 MPa. 

When applying middle-grained sand, hydrate 
formation pressure increased by 1.5 MPa comparing 
to the first laboratory experiment, and reached the 
value of 8.5 MPa (Figure 4). Nucleation process of 
the hydrate crystals started after 4.5 hours. 

Throughout the experiment, the temperature was 
being kept constant (as it was in all of the previous 
experiments) and equal to +8...+9°C. 
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Figure 4. Stages of the formation of a gas hydrate in the 
sample of middle-grained sand, gas and water. 


The experiment with using fine-grained sand 
yield the following results: pressure at the beginning 
of the hydrate formation increased by 2 MPa in 
comparison to the free mixing of gas and water 
when a gas hydrate is being formed (Figure 5). 
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Figure 5. Stages of the formation of a gas hydrate in the 
sample of fine-grained sand, gas and water. 


Analyzing the Figure 5, it can be stated that the 
increase of pressure of the gas hydrate formation in 
fine-grained sand comparing to free volume indi- 
cates that the smaller diameter of the particles which 
make up the porous medium is, the higher pressure 
is needed for gas hydrate formation then. 

Laboratory researches of the hydrate formation 
process with coarse-grained sand with clay particles 
added (10% of the particles based on the weight of 
sand) as a rock-forming medium used showed that 
the pressure of the beginning of gas hydrates’ for- 
mation increased by 3 MPa comparing to the first 
experiment and it reached 10 MPa (Figure 6). 

Having added a clay fraction to middle-grained 
sand at the rate of 10% of its weight, gas hydrates’ 
formation pressure increased by 12 MPa and at the 
end of the experiment amounted to 14 MPa (Figure 7). 
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Figure 6. Stages of the formation of a gas hydrate in the 
sample of coarse-grained sand with addition of clay parti- 
cles, gas and water. 
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Figure 7. Stages of the formation of a gas hydrate in the 
sample middle-grained sand with the addition of clay par- 
ticles, gas and water. 


Analyzing the results, it can be concluded that a 
change in the structure of the rock-forming medium 
varies the pressure necessary for the gas hydrates’ 
formation. Revealed a displacement of the equilibri- 
um line of hydrate formation in a higher-pressure 
zone. This could be explained with the fact that with 
decreasing size of particles, composing the rock- 
forming medium, formation of the bond water films 
on grains of the rock takes place. The binding ener- 
gy of the water in such films is greater than that of 
free water. This means that for the conversion of the 
skin water into the hydrated condition it is necessary 
to increase the pressure of the hydrate formation. 

Beginning of the gas hydrate nucleation process 
in the reactor was observed visually through a win- 
dow in climate regulation chamber. It should be 
noted that for the nucleation of a gas hydrate’s crys- 
tallization centers in various porous media, an im- 
portant condition is a sufficient amount of gas dis- 
solved in the water, since if the amount is small or 
insufficient gas hydrates do not form. 
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5 CONCLUSIONS 


1. The leading developed countries consider natural 
gas hydrates as an alternative source of hydrocarbons 
due to enormous reserves of methane gas in a hy- 
drate form. Many researchers believe that the amount 
of hydrocarbon in the gas hydrate deposits noticea- 
bly exceeds existing reserves of natural gas. This 
caused large-scale studies of gas hydrates in order to 
develop technology to extract methane from them. 

2. Since almost all of the gas hydrates’ reserves 
reside in the pore space of sedimentary rocks un- 
der oceans and seas, the authors analyzed scrutiny 
of the gas hydrates’ formation process in porous 
media. Systematized basic regularities of the hy- 
drate formation obtained by renowned scientists 
such as Y.F. Makogon, V.S. Yakushev, E.M. Chu- 
vilin, V.P. Melnikov, A.N. Nesterov, S. Dallimore, 
CoUett T. Field, T. Uchida formulated the tasks of 
further research. 

3. The laboratory research of the gas hydrates’ 
formation process in porous media using a variety 
of sandy and clay-grained rocks on the KTK-3000 
plant was conducted. As the hydrate-forming medi- 
um, natural sand with varying grain size and kaolin- 
ite clay were chosen. 

4. It is found that the parameters of the gas hy- 
drates’ formation process in vitro in the presence of 
coarse-, middle- and fine-grained sand are shifted 
on the barometric scale upward increasing pressure 
of hydrate formation: when using a sample of 
coarse-grained sand, the pressure increased by 
~l1 MPa, using middle-grained sand resulted in 
1.5 MPa growth, applying fine-grained sand made 
up 2 MPa increase. Modification of the pressure pa- 
rameters of the phase transitions of methane and 
water into a gas hydrate can be explained in that in 
sand, water is less associated with particles’ surface 
and, substantially, is in a capillary form. 

5. While examination of the coarse-grained sand 
sample with the addition of clay particles, the pres- 
sure of hydrate formation increased by 3 MPa rela- 
tively to the free mixing of gas and water, and re- 
sulted in 10 MPa. When adding to the middle- 
grained sand some clay fraction of 10% of its 
weight, the hydrate formation pressure increased to 
14 MPa. An increase in pressure of the hydrate for- 
mation in the sandy-clay samples comparing to 
clean sands can be explained by the Van der Waals’ 
bond water powers on clay particles. 

6. So, development of the technologies and estab- 
lishment of their rational parameters should take in- 
to account the effect of the granulometric composi- 
tion of porous medium. 
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Methodological approach to the development 


of gas hydrate deposits 


E. Maksymova 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: Complex methodological approach to the development of underwater deposits of natural gas 
hydrates using circular well system with thermal medium circulation by counter flows is proposed. Introduc- 
tion of the given production parameters as well as new technological operations will allow economically ex- 
pedient, controllable, and continuous gas extraction both at shallow depths and deep ones with minimum ef- 


fect on underwater ecosystem. 


1 INTRODUCTION 


As world reserves of power resources are being ex- 
hausted, a number of major countries are engaged in 
search of both alternative and additional power 
sources. It is known that almost half of Earth’s car- 
bon being a part of numerous organic and non- 
organic compounds is in the form of hard gas hy- 
drates (mostly in the form of methane hydrate). To- 
day the resource is one of the most promising addi- 
tional power sources in the world. Methane mole- 
cule surrounded by water molecule and creating so- 
called clathrate structure is that very gas hydrate be- 
ing studied by many scientists and researches during 
last four decades. Conditions of their formation and 
stable existence period are researched (Byakov & 
Krugliakova 2001, Shnyukov & Ziborov 2004, Ma- 
kogon 2010, Bondarenko et al. 2012). It depends on 
intensive exploitation, complication of its develop- 
ment, and depletion of such mineral deposits as oil, 
gas condensate, gas, and coal ones. World oil prices 
grow constantly. Hence, other energy resources be- 
come more expensive as well. Necessity to transfer 
to alternative power sources or additional ones is 
obvious. Scientists from different countries believe 
that gas hydrate is the additional power resource not 
extracted before but with great potential reserves. 
Today physics, chemists (supramolecular clathrate 
theory), and ecologists pay much attention to the is- 
sues. Mining specialists should be involved in the 
research work connected with methods of its devel- 
opment to solve technical problems concerning this 
unique resource. From the viewpoint of mining 
practice and oil-producing branch the development 
of methods and techniques of gas extracting from 
natural deposits of gas hydrates it is required to have 
clear idea of future mineral deposit mining condi- 
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tions. It is also necessary to take into account occur- 
rence features, water and physical properties of en- 
closing rocks, hydrostatic pressure and deposit tem- 
perature while opening and developing the deposits. 
The research is carried out by a team of mining engi- 
neers at the Underground Mining Department of the 
National Mining University (Bondarenko et al. 2012, 
Ovchynnikov et al. 2013, Bondarenko et al. 2013). 
Thus, the issue of underground / underwater devel- 
opment methods as well as methods for gas extraction 
from natural gas hydrate deposits is rather topical. 

The article is aimed at the analyses of available 
methods of gas dissociation from gas hydrates to 
propose a method of methane extraction from natu- 
ral gas hydrate deposits in terms of deep gas hydrate 
rock masses. 


2 METHODOLOGICAL PRINCIPLES 
OF THE DEVELOPMENT 


Clear system methodology for the development of 
deep gas hydrate deposits is not available today. As 
for modern areas of gas hydrate deposits location, 
their industrial development is carried out only in 
Western Siberia and Alaska; however, these depos- 
its are associated with continental permafrost zones. 
In 2013 Japanese ship of Japan Oil, Gas and Metals 
National Corporation (JOGMENC) was the first to 
extract gas from gas hydrates of ocean floor. Ac- 
cording to the information by the Ministry of Econ- 
omy of Japan, JOGMANC bored wells fifty kilome- 
ters from Atsumi peninsula. Japanese experts state 
that these wells contain almost 1.1 trn m° of hy- 
drates. Such fuel reserves can provide power re- 
sources of the country for the next eleven years. Ac- 
cording to information by Bloomberg with refer- 


ence to JOGMENC data, total hydrate reserves 
within the shelf of Japan can cover its fuel require- 
ments for 100 years. 

At the end of October 2012, the Ministry of Ener- 
gy of Russia recognized that just gas hydrates rather 
than shale gas (as it was stated before) were main po- 
tential competitor for Russian “Gazprom” in the fuel 
market. According to information by the Ministry of 
Energy, reserves of gas hydrates may be more than 
reserves of other fuel resources taken together. Only 
in the Black Sea these reserves are almost 30 trn m’. 

Techniques of continental development of gas 
hydrate deposits differ greatly from underwater ex- 
traction conditions. It turns out that extraction from 
underground deposits in permafrost zones is not 
very profitable to compare with the traditional oil 
and gas extraction. It is quite possible that neither 
scientists nor investors have paid much attention to 
this fact. It is probably the reason why today the de- 
velopment for extraction techniques of such depos- 
its delays. Maybe it also depends on the fact that in- 
land deposits are minor share of the world deposits of 
gas hydrates which major part is in seas and oceans. 
Thermodynamic conditions for such compounds for- 
mation are optimum at the depth of 200 down to 
1000 m below sea level (Shnyukov & Ziborov 2004). 

Four basic principal approaches to gas extraction 
from natural underwater deposits of gas hydrates are 
available today. These are: pressure decrease below 
phase equilibrium condition; heating of hydrate- 
bearing rocks above equilibrium temperature; com- 
bination of the techniques; and inhibitor injection 
immediately into gas hydrate seam. The technics are 
based upon one fundamental idea — to shift phase 
equilibrium towards hydrate dissociation with its 
following disintegration into gas and water. As for 
inhibitor injection into seams, in this case, taking in- 
to account global occurrence of gas hydrates, nega- 
tive effect of such a technique on ecosystem is ob- 
vious; that is why we do not consider it. Any select- 
ed extraction technique depends on geological and 
structural features of specific deposit and the adopt- 
ed development system should meet optimum tech- 
nical and economic specifications as well as the en- 
vironmental requirements. Scientific sources de- 
scribe several techniques of heat source effect on 
gas hydrate to extract methane gas from it. Howev- 
er, the mistake of many experts is that it is proposed 
either to extract ice-like masses to the surface or to 
extract water saturated with gas to the surface using 
air-lift columns with the following gas separation 
and extraction. The described techniques are very 
energy-consuming and they are not attractive from 
economic viewpoint. For example, there are many 
methods of gas extraction from gas hydrate of bot- 
tom sediments by means of dissolution of upper 
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layer of gas hydrates accumulations with the water 
having natural reservoir temperature delivering it in- 
to a bottomed cone with water and gas mixture with 
methane and its homologues formation in it with 
following pumping-out of the mixture to the surface 
using air-lift facilities. Such techniques are rather 
expensive requiring considerable amount of metallic 
structures subjecting to active corrosion due to sea 
water action; besides they engage transportation of 
huge water amount with low gas content being use- 
ful only at shallow depths and within limited areas. 

Moreover, solid hydrocarbons can be developed 
using well drilling-out operations with the system of 
closed horizontal side sections with following for- 
mation of non-controllable thermal field within 
lower seam and hydrocarbon extraction from upper 
gas hydrate seam. Operational process involves con- 
tinuous effect of hot water on the seam with its con- 
stant circulation along the formed closed channels. 
It is proposed to extract water and gas mixture using 
air-lift approach with its following separations at the 
surface. Such methods require huge amounts of hot 
water and their transportation. They are complicated 
by multilevel development procedure and necessity 
of following separation. In addition such methods 
can result in non-controllability of the whole pro- 
cess of gas hydrate mass disintegration. 

We propose to perform dissociation within a seam 
itself preserving natural hydrodynamic equilibrium, 
to leave free water in the development level, to cap- 
tures gas with the help of gas-handling well, and to 
get pure gas from the pipe at the surface of the float- 
ing platform. The technique proposed by the authors 
involving introduction of the specified extraction 
parameters as well as new technological operations 
will give the possibility of economically expedient 
controllable constant gas obtaining at both shallow 
and great depths with minimum effect on underwa- 
ter ecosystem. 

Stage to select specified parameters includes fol- 
lowing substages. Before deep-water drilling opera- 
tions start it is required to determine complexity of 
geological structure of gas hydrate productive lev- 
els. While selecting extraction procedure for deep- 
water deposits of gas hydrates it is quite important 
to take into consideration the complexity of mining 
and geological conditions. Deposits may be of com- 
plex geological structure — disturbed tectonically in- 
to the series of blocks and zones with variable na- 
ture of productive levels — lithological composition, 
collector properties etc. and of simple one — produc- 
tive seams within such deposits are characterized by 
relative persistence of lithological composition, col- 
lector properties, and productive levels within the 
whole deposit area. Then the range of extraction 
depth and number of lithological differences of en- 


closing rocks of cut of the deposit to be developed 
as well as their thickness are determined. If it 1s pos- 
sible one seam is specified to be the development 
object. Such parameters as its thermal conductivity, 
specific heat, temperature mode of rocks according 
to their depth, porosity, density, and specific weight 
are estimated. Degree of deposit saturation with gas 
hydrates depends on these parameters. The next 
stage determines possible operating production rate 
(for example, extra low-output are up to 25000 m*/day; 
low-output are 25000 -— 100000 m°/day; medium- 
output are 100000 — 500000 m*/day; high-output are 
500000 — 1000000 m°/day; super high-output are 
over 1000000 m*/day). Next stage determines a 
range of allowable seam pressures within which the 
deposit development is possible. 

Thus, before specific development parameters are 
selected the deposit should be explored in detail, re- 
serves of gas hydrate within selected boundaries 
should be estimated, full-scale testing of the deposit 
in terms of different depths of future development 
should be performed, and laboratory tests of all 
basic parameters should be carried out. Develop- 
ment plan of each specific deposit involves core 
sampling from the productive levels to provide ra- 
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ther complete characteristic of physical properties of 
both productive seams and enclosing rocks. Design 
of future well cluster should involve possible con- 
tacts of rocks and various lithological differences, 
and structural and geometrical features of the depos- 
it structure. 

Full-range of industrial geophysical research in- 
cluding determination of well shaft curvature and 
azimuth should be performed in each exploratory 
well. Advance without logging, measurements of 
curvature and azimuth should not be more than 
200 m. Geological and engineering program ap- 
proved in accordance with projects of prospecting 
and pilot development of the deposit determines re- 
search efforts and types of geological and field 
study while drilling wells. 

Geothermal gradient is special wells should be 
determined for each potential area. 

It is proposed to develop deposit as follows: depos- 
it is bored-out by means of circular well system; at 
the depth of 1200 m under bottom it transfers to hori- 
zontal plane with following approaching to a bottom 
surface to transform some part of the deposit into 
closed cylindrical cavity for heat effect (Figure 1). 
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| | 
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Figure 1. Plan of gas hydrate deposit development:!1— 8 and 1'—8' — deep-water wells with thermal medium, 
9, 9'— development well; 10, 10'— a gas-collecting tank; 11, 11'— a hydrating reactor; 12 — gas hydrate deposit. 
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Shift of phase equilibrium of methane containing 
thickness stability is fundamental criterion to extract 
methane from gas hydrate deposit. Equilibrium of 
temperature and pressure is the key parameter for 
gas hydrate stability. As the considered plan speci- 
fies constant depth of the deposit then pressure is 
taken as a constant value. 

For example deposit temperature may be within 
+8.5...4+9.5°C, then +9.0°C is taken as the initial 
one. In summers water temperature in the upper lay- 
ers varies from +15.0 to +20.0°C. 

It is proposed to make heat effect by means of sea 
water injection (for example, at +18°C temperature) 
from one platform (/ —4 and 5—S8 wells) and its 
spouting at the second platform from the opposite 
openings (/'— 4' and 5'— S&' correspondingly). Such 
technology helps avoid formation of cones/flowing 
under floating platforms. While injecting thermal 
medium being water from upper sea layers, 
+]...+2°C shift of temperature mode will take place 
due to poor heating of ABCD working zone (Fig- 
ure 1). Any variations of these parameters will ef- 
fect on dissociation rate and as a result on a produc- 
tion rate of gas obtained at (9 and 9') openings 
which can be controlled by the operation of wells 
with thermal medium. As soon as gas starts its dis- 
sociation from the seam, the plan provides its cap- 
turing with a perforated pipe of (9 and 9') develop- 
ment well getting into (J0 and /0') gas-collecting 
tank of the platform. As free water is in the seam, 
natural hydrodynamic mode is preserved. The pro- 
cess will be reflected in simultaneous change of 
production rate of 9 and 9' well. According to the 
adopted development procedure if the specified 
production rate parameters are violated, then either 
decrease or increase in operation of circular well 
system with thermal medium is possible. Hence, 
such development technique means the use of natural 
processes of exothermal catalytic reactions within a 
zone of gas hydrate occurrence, 1.e. it allows using 
emitted heat to decompose gas hydrates. It is pro- 
posed to perform drilling from two floating platforms 
with (70 and /0') gas-collecting tank and (// and //') 
facilities being reactors for gas recoversion into gas 
hydrate for its further optimum transportation. 
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4 CONCLUSIONS 


1. The work proposes innovative method for the de- 
velopment of gas hydrate deposit occurring at vari- 
ous depths on the basis of complex approach and es- 
timation of the initial parameters of mining and geo- 
logical conditions of a deposit. 

2. Shift of gas hydrate phase equilibrium towards 
its dissociation with water and gas liberation with 
complete water and enclosing rock leaving in a 
seam is the basic principle of the proposed devel- 
opment system for gas hydrate seam. 

3. Owing to the technique features, the develop- 
ment method makes it possible to achieve controlla- 
ble process in terms of commercial extraction of 
natural gas from gas hydrates. 

4. All the principal advantages of the technique 
minimize negative environmental effect of this 
development. 
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Stress-and-strain state of rock mass around the working 
behind the longwall face 
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ABSTRACT: The most important task facing Ukraine’s coal industry is to ensure the operational state of mine 
workings. The aim of the investigation presented in this paper is to study the changes in geomechanical envi- 
ronment conditions around the development working at the site of its transition to the longwall face supported 
area. The investigation was carried out on the basis of the finite-element method. The simulation results proved 
that in case of supporting the developments behind the longwall, localization of maximum stress and the type 
of the volumetric strain state in the regular roof, hanging up at the boundary with the worked out areas, is de- 
termined by the protective face side pack rigidity. The area of maximum stress formation in the main roof 
indicates the place of its destruction and defines the protected working stability. The investigation determined 


the application sphere for induced caving in of the main roof. 


1 INTRODUCTION 


For many recent years one of the main problems of 
Ukraine’s coal mines has been insufficient opera- 
tional reliability of mine workings. The current situ- 
ation with exploiting and maintaining mine work- 
ings has led to disparities in the distribution of 
workers for certain types of operation. The number 
of drifters 1s nearly equal to the number of produc- 
tive breakage face workers, and the number of 
workers engaged in subsidiary operations, at the 
expense of the quantity of repairmen, has exceeded 
70% of the total number of workers participating in 
the process of coal extraction (Babiyuk 2012). 

Therefore, the most important task facing the coal 
industry of Ukraine, along with improving produc- 
tivity and upgrading the mine stocks, traditionally is 
providing mine workings operational condition and 
raising their reliability. The greatest mine rock dis- 
placements are known to occur in development 
workings. The results of assessment of development 
workings conditions show that some 14-17% of 
them are in unsatisfactory conditions. Moreover, the 
workings, supported behind the longwall, are re- 
paired at least once. 

The rigidity of mine workings is primarily deter- 
mined by the stress-strain state (SSS) of the surround- 
ing mine rock mass. Alterations in SSS of the rocks 
surrounding the mine working at great depths have 
become the reason why most of the known methods of 
supporting have exhausted their potentialities in the 
line of ensuring the workings rigidity. In modern 
mines, in the capacity of protective structures are most 


commonly used solid bands of different materials set 
up behind the longwall (gob stowing, constructions 
made of artificial elements, cast blocks). The variations 
of the protective constructions material’s deformation 
modulus are up to three orders of magnitude. The aim 
of the investigation was the study of the change in SSS 
of the rock around the development working at the site 
of its transition to the supported area behind the break- 
age face and determination of the affect of the protec- 
tive construction rigidity on the stability of the devel- 
opment working behind the longwall. 


2 RESEARCH METHODS 


A characteristic feature of investigation into geome- 
chanical processes is a wide application of physical 
and mathematical simulation. Methods of physical 
simulation, commonly applied to equivalent models, 
allow to receive a clearly cut picture of displacements 
and destructions in the rock mass. However, realiza- 
tion of these methods is associated with a great la- 
bour-consuming process of constructing models, their 
calibration, considerable time consumption and a 
rather scarce amount of the information obtained. In 
addition, by using this method it is difficult enough to 
provide precision in conditions for preparation of the 
equivalent material and loading the model while car- 
rying on a series of similar experiments. 

Mathematical simulation, realized by means of an- 
alytical and numerical methods, is one of the basic 
up-to-date tools which make it possible to investigate 
into the stress and strain state of the rock mass. 
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Currently, numerical simulation methods are 
widely used in geomechanics. Of these, a leading 
position is occupied by the finite-element method 
(FEM) (Zenkevich 1975), which was used in solv- 
ing this problem. The implementation of the FEM 
was realized in software complex ANSYS. 


3. THEORETICAL PART 


An arched working supported behind the longwall 
and exploiting a coal seam of 1.5 m thickness at 
the depth of 800 m was simulated. The sheet de- 
posit is arbitrarily specified as horizontal. The 
immediate roof is presented as siltstone 2.5 m 
thick, with uniaxial compression strength of 
40 MPa. The main roof is 60m thick, 70 MPa 
strength sandstone. The ground rock is mudstone 
of 40 MPa uniaxial compression strength. Accord- 
ing to the described structural core of the seam, 
for each layer a special deformation modulus 
(MPa), a lateral strain factor (Poisson), internal 
friction angle, adhesion factor and dilatation fac- 
tor were set. Initial data for simulating were taken 
from the inventory of the mine rocks physical 
properties (Melnikov et al. 1975) for the condi- 
tions of Donetsk-Makeyevka coal-bearing region. 
The materials, simulating mine rocks, were de- 
scribed with reference to Druker-Prager’s basic 
isotropic model. A composite problem was solved 
in non-linear formulation. The geomchanical state 
formed in the rock mass behind the longwall after 
the coal extraction and the subsequent caving in 
of the immediate roof is considered. In this case, 
we proceeded from the assumption that the imme- 
diate roof, which has a relatively low strength, 
caves in without appreciable hanging up over the 
open goaf. 

The SSS of rocks which embed the development 
working behind the longwall, depending on the type 
of the protective construction was simulated. A 
solid face side pack is adopted as a means of pro- 
tecting the working. As far as protective packs may 
be of different widths, shrinkage and mechanical 
compliance, their integral index is adopted as specif- 
ic rigidity of the pack normal to the seam bedding 
strike. This feature allows to assess the ability of the 
component to resist deformation under external 
impact, being, in fact, the magnitude of the reverse 
compliance. The specific rigidity will be determined 
as the product of the deformation modulus by the 
unit of the pack cross-section. The immediate entry 
into the operation of the protective pack with the 
specified mode of deformation is assumed in the 
model. The simulated means of protection are 
shown in Table 1. 
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Table 1. Simulated protective constructions. 


Specific 
rigidity of the 


Means of protection 
protective 


construction, c, GN 
Cast pack of 


quick-setting materials 12 
Concrete block 6 
with wooden gaskets 

Coal pillar (before breakage) 2 
Band of rock semi-blocks 1.2 
Filled cribs 0.6 
Gob stowing 0.2 
(pneumatic filling) ` 
Gob stowing 0.02 


(mechanical filling) 


At present, there is no consensus as to the most 
appropriate theory of mine rocks strength in a vol- 
umetric strain area; the existing classical strength 
theories give underrated values of extreme strains 
by 3 — 8 times, depending on the type of a volumet- 
ric strain state. In this case, the strength limit de- 
pends on the ratio of the tensor strain components. 
Therefore, the analysis of strains around the work- 
ing was carried out with reference to the patterns of 
algebraically greatest main tension strains — S1 (c) 
(I strength theory), to the equivalent strains — SEQV 
(IV strength theory or the criterion of maximum 
reshaping power) and to the strain intensiveness — 
SINT (maximum tangent strain theory, III strength 
theory). According to the above-mentioned hypoth- 
eses the calculated strains are to be compared to the 
strength limit (yield) at an ordinary tension. 


4 RESULTS AND DISCUSSION 


Figures 1—3 show the distribution patterns of 
strains around the protected working when the 
length of the hanging up cantilever is 30 m and cal- 
culated by different strength theories at the protec- 
tive pack rigidity 2 GN. 

From Figure 1 it is evident, that in the top part of 
the main roof two areas of maximum main strains 
S1 (o,) are formed, whose strains reach the extreme 
values. At the same time, over the protective pack 
this area tends to be of a greater size and the strains 
emerging in it are also bigger. This may indicate the 
most likely place of the cantilever failing over the 
protective face side pack. 

The analysis of Figures 2 and 3 shows that in the 
roof in the same places maximum strains SINT and 
SEQV are formed, although the absolute value of 
these strains is greater over the coal seam. In the 
area of maximum strains the excess over the ex- 


treme factors is more than two times. It may indicate 
the cantilever falling at its seam end. 

Changing the protective construction rigidity may 
lead to displacement of the maximum tensions area 
in the main roof relatively to the protected develop- 
ment working, that can be clearly seen in Figure 4. 
Thus, in case, when the working is protected with 
gob stowing, set up by pneumatic filling, the area of 
maximum tensions S1 (0,) shifts to the side of the 
virgin seam. 
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Figure 1. Main strains S1 (c1) distribution around the mine 
working supported behind the longwall at the face side 
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Figure 2. Strains SINT distribution around the mine work- 
ing supported behind the longwall at the face side pack 
specific rigidity 2 GN: 1 — area of maximum strains. 
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Figure 3. Strains SEQV distribution around the mine 
working supported behind the longwall at the face side 
pack specific rigidity 2 GN: 1 — area of maximum strains. 
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Figure 4. Main strains Sl (o,) distribution around the 


mine working supported behind the longwall at the face 
side pack specific rigidity 0.2 GN: 1 — area of maximum 
tensions. 


To evaluate the affect of the protective con- 
struction rigidity on the maximum strains area 
localization in the main roof which is, according- 
ly, the most likely place of the roof caving in, 
let’s analyze the strains formed in the top part of 
the hanging cantilever of the main roof. The 
points of strains location are shown in Figure 5. 
The initial points of the coordinates shown in 
Figure 5 are associated with the centre of the 
arched support vault. 












































Figure 5. Model diagram with the points of strains 
location: 1 — the line in the top part of the main roof hang- 
ing cantilever. 


Figures 6 and 7 show the diagrams of the changes 
in the calculated strains S1 (o,) and SEQV in the 
model along line /, drawn in the middle of the upper 
face of the main roof layer. The axis of ordinates (y- 
axis) in the diagram corresponds to the transverse 
axis of the protected working’s cross-section. The 
positive direction of the axis of abscissas (x-axis) 
coincides with the direction from the working to- 
ward the open goaf of the longwall. 

The graphs show that two areas of maximum 
strains (S1 (c1) and SEQV) are formed in the roof. 
The place of their localization is over the protective 
face side pack (point //, Figure 5; horizontal coor- 
dinate 6, Figure 6, 7) and over the coal seam (be- 
tween points 3 and 4, Figure 5; horizontal coordi- 
nate — 5, Figure 6, 7). 
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Figure 6. Calculated strains S1 (g1) along line 1, drawn on 
the upper face of the main roof layer, at the protective face 
side pack rigidity respectively: 1 — 12 GN, 2 — 6 GN, 3 — 
2 GN, 4-1.2 GN, 5-0.6 GN, 6-0.2 GN, 
7 — 0.02 GN. 


SEQV, MPa 

















= 2 








a 3 


— 4 





—~—5 








6 








<7 




















O N A OD 





-10 -5 0 5 10 151, m 


Figure 7. Calculated strains SEQV along line 1, drawn on the 
upper face of the main roof layer, at the protective face side 
pack rigidity respectively: 1 — 12 GN, 2 — 6 GN, 3 — 2 GN, 
4— 1.2 GN, 5 —0.6 GN, 6— 0.2 GN, 7 — 0.02 GN. 


The comparison shows, that from the point of 
view of the first strength theory (Figure 6) the 
failure over the protective pack and over the seam 
at the pack rigidity 1.2 GN is equally probable, 
because the maximum tensions are equal and con- 
stitute 5.15 MPa. According to the strain energy 
theory of strength (Figure 7), the probability of 
failure is equal over the protective construction 
and the seam at the pack rigidity 6 GN, maximum 
strains about 10.5 MPa. Thus, the difference in 
values is by 5 folds depending on the strength 
theory applied. So far, as the rocks are in a volu- 
metric strain area, in order to choose a more suit- 
able strength theory for subsequent analysis, let’s 
consider the diagrams of dependence of Lode- 
Nadai yu, strain state parameter for the main roof 
along line / (Figure 8) and in the points of maxi- 
mum strain (Figure 9) upon the protective pack 
rigidity. The least power consuming type of vol- 
umetric strain state is known as “generalized 
shear” (Norel 1982). 
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Figure 8. Dependence of the strain state uo type in the 
main roof along line 1, drawn on the upper face of the 
main roof layer, at the protective face side pack rigidity 
respectively: 1 — 12 GN, 2 — 6 GN, 3 — 2 GN, 4— 1.2 GN, 
5 — 0.6 GN, 6 — 0.2 GN, 7 — 0.02 GN at the cantilever 
length 30 m. 
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Figure 9. Dependence of the strain state , type in points 
11 (1) and between points 3 and 4 (2) along line | from the 
protective face side pack rigidity 


The diagrams show that the main roof rocks in the 
area of maximum strains over the protective face 
side pack (point //, Figure 5) at the pack rigidity of 
12 to 2 GN, are in the state approaching the general- 
ized shear; lowering the pack rigidity to less than 
2 GN leads to transition of the strain state nearer to 
the generalized tension, which is the most power- 
intensive state for destruction. At the same time, the 
area of the main roof rock formation over the seam 
(between points 3 and 4, Figure 5) at the face side 
pack rigidity of 12 to 2 GN is in the state between 
generalized strain and generalized shear, while fur- 
ther lowering rigidity to less than 2 leads to approx- 
imation of the strain state with the generalized 
shear. From Figure 9 it is possible to conclude that 
when similar strains emerge in the areas of maxi- 
mum factors, with the range of pack rigidity 
12 —2 GN, a failure over the protective pack 1s more 
likely. Taking into account the ratio of tensor com- 
ponents in the area of maximum strains in the main 
roof and the mechanism of the cantilever failure 
and, also, that the mine rock tensile strength limit is 
less than its compressive strength limit approxi- 
mately by one order, the first strength theory is to be 
adopted as a criterion for further analysis. 

Thus, for the case considered the following con- 
clusion can be made: at the protective face side pack 
rigidity of 12 to 2 GN the area of maximum strains 
is formed in the main roof rocks over the protective 
construction, in the upper part of the hanging rock 
cantilever (point //, Figure 5), in this case the rocks 
in the area of maximum factors are in the state of 
generalized shear. The formation of maximum stress 
area is due to the main roof bending in the open 
goaf after coal extraction. The initial destruction of 
the main roof rocks is most likely in this place. This 
will ensure the hanging main roof failure into the 
open goaf that will lead to the reduction of loading 
on the protective pack and on the outline of the pro- 
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tected development working. This will allow for the 
further stability of the working. 

At the face side pack rigidity of 2 GN to 1.2 GN 
the emergence of primary destruction is equally 
probable both over the protected construction and 
over the seam, that will be determined by the rock’s 
structural composition. 

At the pack rigidity less than 1.2 GN the maxi- 
mum strains area is formed in the main roof rocks 
over the seam, in the top part of the hanging cantile- 
ver (between points 3 and 4, Figure 5). The rocks 
are also in the state approaching the generalized 
shear. The primary main rock destruction is likely to 
occur over the seam. After the main roof failure in 
this case, the weight of the rock cantilever will part- 
ly concentrate on the outline forming rocks and 
partly on the protective construction, causing an 
asymmetric loading on the development working 
support and its deformation; a further progress in 
geomechanical processes around the working will 
lead to reduction in the protected working stability. 

It’s apparent, that the obtained results are deter- 
mined not only by the face side pack rigidity c,, but 
also by the coal seam rigidity ce, which may vary; 
so, it’s more correct to make conclusions with no 
regard to the absolute values of the protective pack 
rigidity, but making use of its ratio to the coal rigidi- 
ty. In the problem being solved the coal seam rigidi- 
ty was defined as 2.0 GN. Thus, the results obtained 
can be reduced to the conclusion, that at the face 
side pack rigidity exceeding that of the coal seam 
the destruction of the main roof will take place over 
the protective pack, that will allow to safeguard the 
working stability. In case, when the pack rigidity is 
less than coal stiffness, the destruction takes place 
over the coal seam that leads to a significant reduc- 
tion of the working’s cross-section. While at equal 
rigidity of coal and protective pack the probability 
of destruction is equally likely both over the protec- 
tive construction and over the seam and it will be 
determined by the rocks structural composition. 

From the outcomes of the investigation it follows 
that the most efficient methods of protecting the 
workings behind the longwall are rigid constructions: 
reinforced concrete bands and cast packs. Provided 
such constructions are promptly set up after coal 
extraction and they are immediately engaged in the 
acting deformation mode of the main roof, at the 
boundary with the open goaf conditions for its cav- 
ing in over the protective pack are created, that may 
ensure the workings stability behind the longwall. In 
case of insufficient protective pack rigidity or its 
belated engagement in the operation of supporting 
the workings behind the longwall, extra measures 
should be taken for induced caving in of the main 
roof cantilever on the side of the open goaf. 


5 CONCLUSION 


1. In supporting the workings behind the longwall 
the distribution of strains and the type of volumetric 
tension state in the main roof hanging over the 
boundary with the open goaf is, to a large extent, 
determined by the protective face side pack rigidity. 

2. The area of maximum strains formation in the 
main roof indicates the site of its failure and the 
protected working stability. 

3. The results obtained allow us to conclude, that 
at the pack rigidity exceeding the coal seam rigidity 
the main roof failure will take place over the protec- 
tive pack that will safeguard the working stability. 
In the case, where the face side pack rigidity is less 
than the coal stiffness, the main roof failure occurs 
over the coal seam, that leads to a considerable re- 
duction in the working’s cross-section. While at the 
similar rigidity of coal and the protective pack the 
failure is equally likely over the protective construc- 
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tion and over the seam and it will be determined by 
the rock structural composition. 

4. Hence, it follows that there is a need of further 
developing protection methods aimed at induced 
caving in of the main roof over the protective face 
side pack in order to ensure stability of the workings 
behind the longwall, and the field of application of 
these methods is pointed out. 
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Current condition of damaged lands by surface mining 
in Ukraine and its influence on environment 


I. Gumenik & O. Lozhnikov 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: The volume of extraction minerals by surface mining in Ukraine has significant indexes due to 
the large mineral deposits potential of the country. That’s why the problem of natural resources rational use 
and environment protection at the minerals extraction and processing gained national importance. Solving of 
these problems inseparably linked with monitoring of comprehensive utilization of mineral resources at the 
mining and processing, decreases of minerals losses and damaged lands area. The results of conducted re- 
searches allow to substantiate necessity of development the rational technological charts and method for 
man-caused deposits forming and repeated mining of dumps, tailings and sludge dumps. 


1 INTRODUCTION 


Human activity associated with all stages of surface 
mining leads to a change in the natural condition of 
environment. The various mining stages of deposit 
exploitation have different influence on land surface 
and subsurface, the air basin, surface and groundwa- 
ter, and especially on flora and fauna. The result of 
intensive man-caused impact on the environment is 
the violation of the ecological balance on the mining 
region territory. 

Man-caused impact of surface mining on the eco- 
system at different stages of the deposit exploitation 
can be divided on an influence and changes that in 
the many cases can’t be reclaimed to its original 
condition. 

1. Preparation of the land surface for mining in- 
clude deforestation, drainage of lakes and rivers, re- 
place of the roads, power lines, communication fa- 
cilities, demolition of buildings and structures. Main 
influence sources are dust, noise, vibration, exhaust 
gases. As a result mining area has change in the 
landscape, flora and fauna, surface water. 

2. Deposit drainage from surface water includes 
creation of special drainage excavation, dewatering 
hole systems, creation of drainage ditches. On this 
stage dominant effects are noise, exhaust gases. As 
a result are changes in the landscape and land interi- 
or, the systems of surface and groundwater. 

3. Pit preparation and construction consist in capi- 
tal, haulage and working tranches building. Effects 
on environment at this stage are dust, noise, vibra- 
tion, exhaust gases. The changes deal with land- 
scape and subsoil. 
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4. Exploitation stage includes preparation for de- 
posits mining, excavation of overburden and miner- 
als, haulage works, storage of overburden in the 
dumps, and minerals into temporary storage. Main 
influence sources are dust, noise, vibration, exhaust 
gases. On this stage main changes in the landscape 
and the natural rock mass, including hydrogeologi- 
cal system, its composition and properties, qualita- 
tive and quantitative characteristics of mining rocks. 


2 MAIN DIRECTIONS OF SURFACE MINE 
DISTURBANCE ON ENVIRONMENT 


Influence of mining on the natural environment can 
be divided into direct and indirect. First is an impact 
immediately in time, second is a result of subse- 
quent ecosystem response from a direct effect. 

As an example of direct impact considered de- 
struction of the rock massive during the blasting, 
excavation and loading operations, haulage of the 
rock mass, minerals storage and overburden dump- 
ing. The indirect influence may be occurred by cer- 
tain species of flora on the dumps surface at the rel- 
evant conditions. 

Thus, the upper layer of the lithosphere — geolog- 
ical environment (rocks, soil, surface and ground- 
water, all organisms and vegetation that live in soil 
and rocks) is one of the main objects of environment 
on which surface mining influenced at the all stages 
of the pit life cycle. All components of the geologi- 
cal environment in nature are in dynamic equilibri- 
um (Drebenshtedt 2013). 

Artificial intervention in condition of any part ge- 
ological structure at process of surface mining caus- 


es geological, physical, chemical and biological 
processes, which leads to activation or decay of nat- 
ural phenomena and produce new man-caused pro- 
cesses that have not met previously in natural condi- 
tion. Among them should be allocated primarily dis- 
turbance of soil and land. Distinguish the physical, 
chemical and mechanical disturbances. 

Physical disturbance of soil associated with the 
transformation of the landscape, the deformation of 
the surface, changing the soil structure and devel- 
opment of erosion processes. 

Chemical disturbance of soil concerned with con- 
tamination of the process waste and emissions from 
sludge and tailings, dumps and minerals store, 
dumps with off-grade ore and man-caused deposits. 

Mechanical disturbances caused during haulage 
of rocks, dumping, erosion of dumps and tailings, as 
well as dust emissions at the mining processes. 

Essential and integral part of human activity at the 
surface mining on environment is violations on the 
composition and mode of surface and groundwater. 

The main sources of pit waters pollution are de- 
stroyed parts of overburden and minerals in faces; 
internal and external piles; erosion of non-working 
surface in pit. Pit water include dust, oil and other 
substances that enter to it’s during the haulage in 
mine excavation, as well as those that fall into them 
during haulage through the rock surface. 

For reduce damage and low pressure on environ- 
ment at the mining activities implement complex of 
rehabilitation work on mining sites due to the inter- 
ests of territory society. 


3. SURFACE MINING IMPACT ON THE 
ENVIRONMENT IN UKRAINE 


At present the problem of natural resources rational 
use and protection of the natural environment at the 
minerals mining and processing in Ukraine gained 
national importance. This is due to the fact that the 
environment conditions in all mining regions char- 
acterized as critical. 

The reasons are not only in a high concentration 
of mining production on a limited area and large 
volume of mining production waste, but are related 
primarily to the specifics of the territorial distribu- 
tion of productive forces, as well as nature use mod- 
el of mining regions economic development. There, 
as a rule, concentrated enterprises of mining, metal- 
lurgy, chemical industry, energy sector and others. 

As a result, Donetsk, Dnipropetrovsk, Lviv and 
other areas formed as regions of raw material orienta- 
tion. In this regard, according to the low production 
technological level and ecologically reasonable ac- 
commodation of the enterprises in these regions, there 
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were areas of environmental pressure. First of all this 
influence observe in the Dnipropetrovsk region. With 
a relatively small land area (31900 kmô in the region 
works more than 120 pits and mines for the extraction 
of iron and manganese ore, coal, rare metals, refracto- 
ry clay and kaolin, raw materials for the production of 
building materials (Gorova et al. 2013). 

In the old mining regions of Ukraine such as Do- 
netskiy, Krivorogskiy, Lviv-Volynskiy, Carpathian, 
long-term and large-scale mining production led to a 
delay of the dynamics of natural processes, create a 
dangerous man-made disasters and to degradation of 
the whole components of natural environment. The 
main factors of influence on the environment are: 
numerous mining excavations, intensive pumping of 
groundwater, waste accumulation, blasting. 

Since the beginning of the mining industry re- 
structuring and the general closure of unprofitable 
pits and mines in this regions under the influence of 
geotechnical, hydrogeological and hydrochemical 
factors began to form a new ecological and geologi- 
cal conditions, which is currently characterized as a 
worsening of the existing and the emergence of ad- 
ditional threats. 

The best example that confirms the importance of 
the problem is the situation that prevailed in the sul- 
fur-bearing plants Carpathian Basin, in particular, 
Javoriv Industrial Merger “Sera”. Those enterprises 
are designed and built as a raw materials source for 
the production of chemical fertilizers. 

During the deposit exploitation was produced 
20 million tons of commercial ore. In the period 
from 1990 to 1993 world prices for sulfur decreased 
from 200 to 30 dollars. This led to the fact that the 
production of sulfur became unprofitable, not only 
in Ukraine, but also in other countries. Therefore, 
since 1993, production of sulfur by surface mining 
on Javoriv IM “Sera” completely finished. 

The situation is complicated by the necessity of 
large work volumes for maintain environmentally 
hazardous facilities and systems in a safe state. In 
addition, it is necessary to eliminate the conse- 
quences of long-term enterprises operation. 

The main objects that are now threatened for en- 
vironmental catastrophe of Javorovsky region and 
the basin of the Vistula River are pit residual spaces 
and the rivers system that was forced removed from 
the deposit territory. 

According to preliminary estimates the scales of 
the open pit mining negative impact on the envi- 
ronment are: 

— increment in pit residual space 40 — 50 million 
tons per year of hydrogen sulfide, saline drainage 
water from violation of the pressure horizon by the 
mining operations; 


—as a result of long-term pumping drainage water 
around the quarry formed depression crater area 
about 100 square kilometers, that bring to intensi- 
fied cave phenomenon that offer a real threat to hu- 
man safety; 

— created and operates the forced removal system 
of rivers and surface water from the territory of the 
deposit with a total pumping volume 77.2 million 
tons per year; 

— emission to the atmosphere 180 tons of hydro- 
gen sulfide per year due to degassing. 

A similar situation exists in other mining regions 
of Ukraine (Kryvbas, Dniprovsky lignite basin, 
Marganecky basin and others). 

In Ukraine coal is mined at the three major basins 
Donbas, Lvov-Volynskiy basin and Dneprobas (lig- 
nite). The impacts on ecological situation in coal 
mining regions are intensified through the fact that 
every third mining company operated more than 
50 years. At the mine closure the best ability for the 
resumption of natural indicators has a surface 
groundwater level. This lifting at the partial or 
complete filling of mining excavation is a major 
factor in the deterioration of mining regions envi- 
ronmental conditions. 

Complex influence of brown coal cast on the 
Pridneprovsk lignite region landscape shown in 
Figure 1. 
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Figure 1. Complex influence of lignite open cast mining on 
the Pridneprovsk region landscape. 


As a result of large-scale mining operations the ar- 
eas of disturbed lands account up to 8.2% of the Lu- 
gansk and 7.8% of the Donetsk regions. The territo- 
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ries under waste dumps employ about 7200 hectares 
and 2400 hectares under the coal preparation tailings. 

In Kryvyi Rig mining region extensive mining of 
iron ore led to catastrophic damage of environmen- 
tal-economic situation: withdrawn and contaminated 
large areas of arable land, man-caused landscape 
complexes formed, surface waters and groundwater 
polluted. Iron ore mining was carried out on 10 pits 
with depths ranging from 100 to 300 m or more, and 
23 underground mines with a maximum depth 
1400 m. The result of mining activity was a viola- 
tion of 700 square km of high quality fertile land, 
including under dumps nearly 70 square km. 

Open pit mining has a very different and specific 
effect on the lithosphere. This is due primarily to the 
penetration into the crust and remove from the bow- 
els a large rock masses, violation of the land sur- 
face, and others. 

With atmospheric flows replaced some heavy 
metals — mercury, lead, cadmium, copper and zinc. 
Especially dangerous is the accumulation of toxic 
metals (mercury, lead, cadmium) in tissues and or- 
gans of commercial fish. 

As a result of mine drainage systems operated by 
pump to the surface lift large quantities of groundwa- 
ter with different chemical composition containing a 
variety of trace elements and man-made substances. 
This has a negative impact on the hydrosphere. 

Natural landscapes at the open pit mining are 
usually partially or completely damaged. The for- 
mation of mining-technical relief characterized by 
the elements is developed pits residual space, 
dumps, tailings, etc. Nature of the initial landscapes 
change depends on the used technology. 

The situation is exacerbated by the fact that 
much of the mining deposits located in areas of ac- 
tive farming. 

Due to the production of mining, exploration, 
construction and other work in 2014 registered 
155.1 thousand hectares of disturbed land (Fig- 
ure 2). Damaged lands in technical reclamation 
stage up to 3000 ha, in the process of shrinkage up 
to 2000 ha, biological reclamation up to 1300 ha. 
Land reclamation performed in 2011 on an area of 
0.9 thousand ha, which is on 0.2 thousand ha less 
than had been violated in the same year — 
0.6 thousand ha (Table 1). 

According to the National Scientific Center “In- 
stitute of Soil Science and Agricultural Chemistry” 
reclaimed lands are characterized by considerable 
heterogeneity and diversity of ground cover. The 
humus contented in the reclaimed layer is lower 
than in the zonal soils, almost 1.5 —2 times and 
equal 1.5—2% (in some cases, 2.0—3.0%), at 
least — 4%. 


Table 1. Violation and land reclamation, thousand hectare (Statelandagency of Ukraine, 2013). 


Type of economic activities 1995 
Disturbed land 17.0 
Mined land 16.4 
Reclaimed land 8.4 
Including arable land for agricultural 3.0 
Reclamation direction: 

— arable land 1.5 
— forest (shrub) plantations 3.0 
— reservoirs 0.6 
— building 0.3 
— recreational and others 1.5 


Chemivtsi mm 3153 
Chemihiv #468 
Cherkasy mmm 3453 
Khmelnytsky mmm 2807,3 
Kherson mmm 3694,25 
Kharkiv mmm 2373,92 
Ternopil mæmm 3311,2 
Sumy mam 2796 
Rivne mmm 4633 
Poltava me 5455 
Odessa mmm 2425,9 
Mykolaiv mmm 3022,45 
Lviv mě 12848 
Lugansk pu 10229,75 
Kirovograd mem 4441,7 
Kiev mmm 3702,62 
Ivano-Frankivs mmm 3490 
Zaponzhia mm 1529 
Transcarpathia m 764,8 
Zhytomyr p 11825 
Donetsk mmm 24124 
Dnipropetrovsk ammm 3 6 5 e 1 
Sevastopol 1411,75 
Wolinsky mu 5744,44 
Vinnytsia == 3621,05 
Crimea me 5215,64 





Figure 2. The presence of disturbed land in Ukraine on ar- 
eas and regions (2012), ha. 


According to the Ministry of Agrarian Policy of 
Ukraine in 2012 compared to 1990 the area of arable 
land in Ukraine has decreased by 1.18 million hectares 
(1.5%) and amounted 31.12 million hectares (79.5%). 

Ecosystems destabilization and negative impact 
of large-scale mining operations on the environment 
negatively affects on the health. 

The contribution of anthropogenic factors on the 
health deviations 10 — 57%. There is a close relation 
between the number of newly registered pathologies 
and anthropogenic pollution in Ukraine: 

— significantly increased the number of congenital 
anomalies by 2.12 times; 

— by 1.28 times increased the number of patholo- 
gies associated with diseases of the skin and tissue; 

—by 1.72 times increased indicators of diseases 
related to the circulatory system; 

— number of tumors increased by 1.2 times; 

—by 1.16 times became more pathologies at the 
pregnancy. 


2000 2005 2010 2011 2012 
19 2.0 1.3 1.2 1.1 
2.8 1.8 1.0 0.9 0.3 
a] 2.1 0.5 0.6 0.7 
2.0 0.8 0.3 0.4 0.6 
L3 0.3 0.2 0.2 0.4 
1.2 0.7 0.1 0.1 0.4 
0.2 0.1 0.04 0.04 0.02 
0.0 0.0 0.0003 0.008 0.003 
0.3 0.5 0.02 0.09 0.03 


The same disease may be caused or triggered by 
various environmental factors. According to differ- 
ent scientists, due to arbitrary mixtures of air emis- 
sions, solid waste, industrial waste water may form 
up to 60 thousand of persistent toxic compounds. 
Therefore, even small displays of new pollution 
dramatically increase morbidity. 

Today in Ukraine the average life expectancy is 
62.4 years opposed 69.3 years in 1991. This is 
largely due to the poor quality of the environment 
(air and water quality, the food quality and safety, 
exposure of ionizing radiation). 

To improve the environment needs enormous 
funds. However, in Ukraine one person had only $3 
on environmental expenditures, at that time in Ger- 
many — 150, Poland — 30; Lithuania and Russia — 15. 

According to the World Bank with the inclusion 
in the cost of the projects the cost of overcoming the 
possible negative impacts on the environment (in- 
cluding the environmental constraints) the greening 
of production pays an average of 5—7 years. The 
inclusion of environmental factors in the decision- 
making process at the design stage costs 3 — 4 times 
cheaper than the subsequent installation of addition- 
al pollution control equipment. The costs on re- 
sponding to the use of non-environmental technolo- 
gy and equipment by 30-35 times higher than the 
cost required for the development of environmental- 
ly-oriented production technology. 

Conducted researches shown dangerous situation 
that is exacerbated each year, in addition to the im- 
plementation of a unified state policy in the field of 
environmental management necessity to organize 
targeted financing the development and implemen- 
tation of resource-saving and environment-friendly 
technologies for the extraction, processing and min- 
eral resources comprehensive utilization (Gumenik 
2012). Reclamation of disturbed territories at the 
mining activities should be solving with economic 
mechanisms as a priority task. 
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4 CONCLUSIONS 


Problems of damaged lands stipulates for low level 
of mineral resources extraction at the mining of rock 
mass (30 — 40% or less). The rest of the byproduct 
is stored in the dumps. Meanwhile its have various 
types of conditioned raw materials — construction, 
refractory, foundry, fluxing and others. 

Conducted researches show large losses of miner- 
als at the mining and processing. Loss at the coal 
production 19 — 21%, iron ore — about 15%, refrac- 
tory raw materials up to 10%, mining and chemical 
raw materials up to 60%. Dilution factor amount 
10%. As a result, reserves of stored iron quartzite 
exceeded 500 million tons, manganese ore raw ma- 
terials — 27 million tons. 

A lot of problems consist in low level of mineral 
resources comprehensive utilization (2 — 5%). Many 
deposits were mined unclustered that’s leading not 
only to minerals loss, but also to the alienation and 
significant land disturbance. 

Comparative high land involve in mining (from 6 
to 35 hectares at the production 1 million tones of 
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minerals) bring to appear hundreds hectares of dam- 
aged lands. 

In the dumps, tailings and sludge ponds accumulat- 
ed near 1 billion cubic meters of mining waste, which 
have significant human impacts on environment. 
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Effective technology of stripping operations in deep coal 
opencasts with railway and auto truck transport 


B. Rakishev, S. Moldabaev & E. Kuldeev 
Kazakh National Research Technical University named after K.I. Satpayev, Almaty, Kazakhstan 


ABSTRACT: There are given scientifically grounded technologies of stripping operations for the condi- 
tions of coal strip cut “Vostochnyi” of Ekibastuz field using railway and auto truck transport. Constrained 
conditions of stripping only from one flank of opencast field predetermined usage of daylight area for 
excavation and shipment of stripped soils up to the depth of 60 m by draglines to railway transport. There 
is shown the scheme of stripping of coal layers using draglines also to the railway transport. There was 
proposed technology of mining of the bottom part of the stripping zone by excavator-auto truck complex- 
es with a backlog recovery of stripping operations. Its feature is two-level mining of benches by cross- 
section panels with the construction of stripping grooves on the flanks of opencast fields. At the boundary 
of the application of railway and auto truck transport before coming of crushing and conveyor complexes 
to design capacity it is offered to organize a haulage level with a overloading of the part of auto stripping 
to railway transport. Implementation of these measures will allow transferring mining of the part of strip- 
ping operations volumes to a later date, reducing the amount of capital mining operations for the construc- 
tion of stripping excavations that by increasing of the exposed coal reserves will improve the productivity 
of opencast on 25%. 


1 INTRODUCTION ing of connecting conveyor is carried out, that elim- 
inates their reassembling to change the direction of 
Implementation of continuous technology in open- transportation of coal. 
casts with angled positioning of coal layers has its Dosed continuous uploading of wagons is carried 
own peculiarities. In this regard, opencast mining of | out on the surface blending-and-loading complex. 
coal layers of Ekibastuz field in Kazakhstan on the Stability of coal quality is ensured by a uniform min- 
cut “Vostochnyi” is interesting. Excavation front ing of low-ash layers 1, 2 and high-ash layer 3, respec- 
with length of 2.8 km is stripped by three steep __ tively, at the top and bottom benches (subbenches). 
trenches. In these trenches are constructed four lift- According to the general scheme of development 
ing conveyors: in the central — two, and one in both of Ekibastuz field in the second phase of reconstruc- 
the northern and southern (Belik et al. 1992). tion of cuts of the Southern Group it was planned to 
Through a central conveyor are organized coal car- implement continuous and cyclical-continuous 
go flows from the upper mining bench, and through technologies of complement of stripping operations 
two flanking conveyors — from the bottom mining using, respectively, conveyor and combined auto 
bench. The front of the bottom bench is completely truck-conveyor transport, including on the cut “Vos- 
divided in the center of opencast field, where are _tochnyi”. Due to the increase of the hardness of 


installed connecting conveyors. stripping soils in depth the area of application of 
Coal mining is carried out by bucket-wheel exca- _ continuous technology is limited. 
vator SR,(k)-2000 using coal face loaders BR,(k)- Usually stripping operations with using of power 


2000.65. Cutting of a new coal bench with height of | shovels are conducted in constrained conditions 
25m is mainly completed by this bucket-wheel with narrow working sites. Placement of a powerful 
excavator in combination with interbench AR,(k)- — bucket-wheel excavator of type ERP-6500 and sys- 


5000.95 and above mentioned coal face loaders. tems of face conveyors requires a significant spac- 
On the cut there is implemented advanced one- ing of the working side and investment. 
bench (two-bench) technological scheme with one Working experience on the stripping benches of 


transport level with division of front of mining op- Ekibastuz field shows that in the next few years in 
erations into four blocks of equal lengths. With the the upper part of the stripping zone it is necessary to 
advance of face conveyor to a new position advanc- _ still focus on the well-proven railway transport. 
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Increasing of rational insertion depth of railway 
transport at the present stage is possible by reducing 
the number of transport levels and simplifying the 
construction of scheme of track system. The studies 
of LLP “Bogatyr Komur”, Institute of Mining, 
named after A.A. Skochinskiy, LLP “Karaganda- 
giproshaht and Co” on the changeover at deep levels 
on cyclical-continuous technology using both the 
conveyor and the combined auto truck-conveyor 
transport deserve attention. 

Performance of stripping operations is character- 
ized by: the increasing complexity of the transport 
scheme structure because of the increasing number 
of transport levels; fine pitch shifting of railway 
lines (maximum 20 — 24 m); long time arrangement 
of face track on a new route; an increase in the 
weighted average lifting height of the mined rock 
from the opencast to the daylight surface due to the 
gradual displacement of the main volumes of the 
extraction to the area of deep levels; constrained 
conditions in a confined space. 


2 APPLICATION OF DRAGLINES 
WITH RAILWAY TRANSPORT 


One example of decrease of the weighted average 
lifting height of the mined rock from the opencast 
could be providing transshipment of rocks of the 
second stripping bench from the daylight surface on 
its upper site and unloading them by draglines with 
different linear dimensions when loading in the 
means of railway transport. 

At the daylight surface of the upper stripping 
bench front could be divided into the required 
number of sites of excavation and loading opera- 
tions (ELO) due to the simplified schemes of 
placement of railway lines over top opencast out- 
line and to ensure each ELO site with autonomous 
access roads. There appears a possibility of maxi- 
mum load of each face track of ELO site by mining 
thick mass of covering and adjacent rocks of the 
upper zone of the working side. The upper and 
underlying benches with approximate total height 
of 50—60 m are mined with draglines of various 
types by downward digging. The most powerful 
dragline mines rocks of underlying bench with 
backfilling them in pile (Figure 1). 

To complete this ahead working dragline pre- 
pares platform by drifting stope on the upper strip- 
ping bench and completes unloading of rocks pillar 
directly to the means of railway transport. Pile is 
disassembled by third dragline at this ELO site and 
as well shipped in means of railway transport 
(Rakishev et al. 2013). 
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Independent functioning of ELO sites is provided 
by permanent laying of access roads at angles of 
aproximately 60-— 80° to the front of advanced 
bench. Simultaneous loading of two locomotive 
wagonages at each ELO site is carried out through 
bilateral supplying of empty cars at the first half of 
the site where access roads are adjacent and at the 
second half — through construction of second paral- 
lel face track. An example of implementation of the 
proposed technological solution is as follows. 

The front of works of the upper zone of the working 
side is divided into excavation-and-loading sites with 
length of 1170 m (based on standard performance of 
draglines and provision of annual advance of stripping 
benches on 100 m at sites 7, 8 of the cut field “Vos- 
tochny1’’), in each of which operates three different 
types of dragline. Upper bench with height of 23 m is 
mined with dragline ESh-13/50 with immediate load- 
ing of rocks into means of railway transport. The un- 
derlying bench with height of 37m is mined with 
powerful dragline ESh-20/90. At that the rocks are 
placed in formed with dragline ESh 13/50 container. 
Pile is filled in ring to the maximum dump height of 
37 m. The loading of pile rocks into means of railway 
transport is carried out with dragline ESh-20/65. 

Organization of working of the draglines. After 
drifting the stope on platform with width of 40 m, 
ESh-13/50 No 1 bypassing the deadlock of face 
track of its ELO site returns to its original position 
and carries out mining of another stope. Loading 
rocks in means of railway transport is carried out on 
a face track of the following stope. At the same time 
the previous track up to half of the site must be dis- 
assembled before mining of a new stope begins. 
Inclining to the second half of the site, as well as 
empty cars supply to the first half for the ESh-13/50 
No | dragline is carried out through a face track of 
the following stope, adjacent with the previous in 
the center area of the ELO site. 

Dragline ESh-20/90 No 2 after mining its stope 
on pile (on platform of also 40 m wide) stops for 
current repairs till the end of the pile shipment with 
dragline ESh-20/65 No 3 and only then returns to 
the starting position and starts drifting new stope on 
debris of underlying bench. 

Face trucks advancing of draglines ESh-20/90 
and ESh-20/65 is slightly more intense than advanc- 
ing of the ESh-13/50 (the last one is uploaded to the 
limit of standard performance), so by the end of 
drifting another stope the first two approach on the 
minimum distance allowed by the rules of safety. 

To ensure the design capacity of the cut “Vos- 
tochnyi” it is necessary to organize three ELO sites. 
The total annual amount of mining of stripping soils 
in them will be 21 million m° with a length of the 
operation front of 3510 meters. 
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Figure 1. Scheme of mining of the top part of the stripping zone with draglines. 


Considered technology and organization of strip- 
ping operations in the upper zone of the working 
side on example of the cut “Vostochny1” will allow: 

—to reduce the number of transport levels on 
four units; 

— to reduce the volume of reconstruction of mov- 
able railway tracks in 11 times or more, and their 
length to at least 10...11 km; 
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—to transport stripping with lower power consump- 
tion at relatively high speeds of locomotive wagonages; 

—to achieve high performance of equipment 
complexes, comparable on less investment with the 
continuous technology. 

Increase in angle of working side by nearly 8 
degrees, stop carrying out stripping operations in 
the upper zone for the period of reconstruction and 


intense new completion of advanced benches dur- 
ing transition to a new phase of mining develop- 
ment will allow to stabilize the mode of mining 
operations with rational technical and economic 
characteristics and more flexibly allocate the quan- 
tities of stripping by years. The increase in the 
volume of planning works is compensated by an 
increase of turnover of rock “trains” for removal of 
stripping from the underlying benches and de- 
creasing of weighted average lift height of the 
mined rock. 
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Limiting fact of timely formation of operation front 
to mining excavators is significant backlog of strip- 
ping operations in the bottom part of the stripping 
zone. We have considered the option of simultaneous 
usage of dragline type ESh-13/50, at dressing of the 
back of coal layer both for non-transport and for 
transport technology (Figure 2). Waiting for rock 
“train” it can operate also with the transshipment of 
stripped rocks in pile, shipped then by excavator with 
large linear dimensions to the means of railway 
transport (such as EKG 6.3y). 










ESh-13/50 


rail way line 43 


Figure 2. The scheme of mining of the bottom part of the stripping zone with dragline in complex with power shovel. 
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3. TECHNOLOGY OF STRIPPING 
OPERATIONS WITH USAGE OF 
RAILWAY AND AUTO TRUCK 
TRANSPORT 


Usage of cyclical-continuous technology with con- 
veyor lifting of crushed hard rock is still one of the 
major ways to solve the transport problem of deep 
ore opencasts (Stolyarov 2003, Melnikov et al. 
1995, Drizhenko et al. 2009, Malgin et al. 2002). 
Therefore, in 2010, on the cut “Vostochnyi” were 
completed precommissioning works on commis- 
sioning crushing and conveyor complex with the 
replacement of railway transport into combined auto 
truck-conveyor transport (Figure 3). 





Figure 3. Commissioning of the crushing and conveyor 
complex on the cut “Vostochny1”’. 








First time in the world curved conveyor lines with an 
elevation angle of 18 degrees were tested (Figure 4). 





Figure 4. The conveyor lift for stripping operations of the 
cut “Vostochnyi”. 


The first crushing and conveyor complex with an 
annual capacity of 10 million m° stripped rocks con- 
sists of two hydraulic excavators R994B and 9350 of 
company LIEBHERR (straight power shovels) with an 
electric drive and a bucket capacity of 18 m°, 12 dump 
trucks with carrying capacity of 90 tons of company 
COMATSU, two two-roll crushers BSW, a system of 
lifting, main and dump conveyors with belt width of 
2 m and console spreader AR,-B.45.50. Crushing com- 
plex of stationary type is located in the end of the cut. 

Recommended mining technology on the cut “Vos- 
tochny1” for the period of implementation of the 
crushing and conveyor complex is shown in Figure 5. 
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Figure 5. Recommended mining technology on the cut “Vostochnyi” for the period of implementation of the crushing and 


conveyor complex. 


The high efficiency of the usage of excavator- 
auto truck complexes with reduction of current 
stripping volumes is achieved when switching to a 
two-level technology of mining of benches of the 
bottom part of the stripping zone by cross-section 
panels (Figure 6) and construction of temporary 
ramps at the ends of coal cut (Rakishev et al. 2012). 















































Figure 6. Two-level technology of mining benches with 
cross-section panels: 1 — temporary ramps at the ends of coal 
cut; 2 — excavator; 3 — dump truck; 4 — mining of the upper 
parts of benches. 





The main volume of auto stripping is moved to 
crushing and loading unit (Figure 7), and part of 
auto stripping is transported to external piles by 
railway transport through transshipment points of 
the haulage level (Figure 8). 











Figure 7. Development of the system of ramps at the ends of 
the cut “Vostochnyi”: 1 — temporary ramps; 2, 3 — perma- 
nent ramps are correspondingly above and below the level of 
placement crushing and transshipment points(CTP); 4 — the 
direction of transporting flows of auto stripping to crushing 
and transshipment points (CTP). 


Figure 8. Organization of the haulage level at the boundary of usage of railway and auto truck transport. 


By the time of the implementation of a crushing 
and conveyor complex 9 stripping benches with an 
average height of 15m, and with a width of work 
sites around 45m were in operation. Only railway 
transport was applied on stripping operations. The 
angle of slope of stripping zone at boundary with the 
hanging wall of coal layer 1 was 15 degrees. Accord- 
ing to the project 5 upper benches will be mined us- 
ing railway transport, and the lower stripping zone — 
using combined auto truck-conveyor transport. 
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To move to the regulated technological zones it 
is necessary initially with mining of cross-section 
panels with a width equal to the width of the work 
sites, complete extraction of stripping with excava- 
tor-auto truck complexes through one bench. On 
this mining begins from the bottom bench leaving 
only safety berms. Subsequently, when reaching 
the designed capacity in each technological zone 
initially will be mined upper parts of benches 
(Figure 6). For this purpose temporary ramps will 


be constructed in each of the ends of opencast. 
When mining the lower parts of the benches only 
safety berms will be left. This will allow complet- 
ing in practice the transition into intensive mining 
of high benches with separate equipment complex- 
es in each technological zone from both flanks of 
the opencast field. 

Placement of stripping workings for movement of 
auto truck transport at the ends of the cut is shown 
in Figure 7. For this purpose, transportation berms 
are left every 30 meters. On the level, +50 m from 
the both flanks of the opencast are placed crushing 
and transshipment points (CTP) of crushing and 
conveyor complexes. Cargo movement connection 
of working levels of the upper and lower parts of the 
benches with CTP placement site is performed se- 
quentially through the transport berms and a system 
of permanent ramps. When mining the upper parts 
of the benches temporary ramps are constructed on 
each flank of the opencast field to perform commu- 
nication with transport berms. 

Permanent ramps to the downhill service dump 
trucks from transport berms on the levels +95 and 
+65 m in the freight hauling direction. Newly estab- 
lished transportation berms every 30 m (levels +35, 
+ 05, etc.) and cut upper parts of new benches are 
provided with connection with the CTP placement 
site by consistently extensible and also permanent 
ramps. They service dump trucks on lifting in the 
freight hauling direction. The length of permanent 
ramps with a slope of 80%o between the benches is 
375 m, and subbenches adjacent to the CTP site and 
re-cut — 187.5 m. 

Mining of cross-section panels with excavator- 
auto truck complexes allows almost eliminate the 
breaking of blast holes in the direction of mined- 
out space. Usage of multi-row short-delay blasting 
to shortpile toward the mined-out panel improves 
the quality of hard rock crushing, significantly 
reduces the yield oversize that will positively affect 
the reliability of the of crushing and transhipment 
points operation. 

According to the project crushing and trans- 
shipment points are located at a depth of about 
150 m on both flanks of opencast field. At oper- 
ating cycle of excavators to the center of open- 
cast from the both flanks of the opencast field 
weighted average distance of transportation by 
dump trucks in the reporting period (2011 -— 
2025) will grow from 1.1 to 1.8 km. Since the 
rational height of the parts of the benches became 
equal to 15 m, then it is recommended to use an 
excavator EKG-15 or its modification —- EKG-18P 
as the excavation and loading machine, depend- 
ing on the desired intensity of development of 
stripping zone. 


151 


4 OBJECTIFICATION OF TWO-LEVEL 
TECHNOLOGY 


For mining conditions of the cut “Vostochnyi” (hor- 
izontal capacity of layers 600 m, the angle of slope 
is 19 degrees) with an annual output in coal of 
25 million tons the advance rate of operation front 
of stripping zone should be at least 60 meters per 
year. When mining benches with height of 30 m 
with excavators EKG-15 from both flanks of the 
opencast the advance rates of their operation work is 
found to be equal to 64 meters per year. In this case, 
5 top stripping benches with height of 15 m should 
be simultaneously mined with 7 excavators EKG-12.5 
with the railway haulage (Figure 5). Calculated 
advance rate of stripping benches with excavator- 
railway complexes is nearly 70 meters, which will 
provide the proportionality of development of strip- 
ping zone and ensure reaching the design capacity 
of the cut in coal of 25 million tons. 
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Figure 9. On the objectification of the time schedule of 
mining operations: l-V}, 2-Vg, — performance of the cut on 
stripping correspondingly according to the project and rec- 
ommended schemes; Q; — productivity of the cut in coal. 


Analysis of the time schedule of mining operations 
shows that even in case of overloading the part of 
volumes of auto stripping through transshipment 
points (warehouses) of the haulage level on the 
boundary of usage of excavator-railway and excava- 
tor-auto truck complexes to the means of railway 
transport in the amount of up to 5 million m? per 
year there is no guarantee of completing the planned 
volumes of excavation of stripped rocks on the cut 
“Vostochnyi”. Therefore, during the period of transi- 
tion to crushing and conveyor complex one of the 
alternative ways to eliminate the stripping backlog is 
to increase the slope angle of stripping zone, while 
simultaneously forming temporary haulage level and 
applying the combined auto truck-railway transport. 


5 CONCLUSIONS 


Based on the identified patterns of development of 
the opencast space, connections between elements of 
different technological opencast mining complexes 
there are given entirely new scientific-based solutions 
to improve the efficiency of operation of coal cuts. As 
a result of the completed research was established 
methodology of designing resource-saving technolo- 
gies in open development of coal deposits, including: 

—a two-level technology of mining of the bottom 
part of the stripping zone with excavator-auto truck 
complexes with cross-section panels and construc- 
tion of stripping workings on the flanks of the open- 
cast field that will allow to reduce by 19% the cur- 
rent stripping volumes and improve productivity on 
coal mining for 25% with reduction of the term of 
achieving design capacity at the cut “Vostochny1’; 

— organization of temporary haulage level be- 
tween zones of functioning of excavator-railway 
and excavator-auto truck complexes for the period 
of reaching design capacity of crushing and convey- 
or complexes; 

—method of optimization of the operating area 
position in stages of mining of the angled coal lay- 
ers that allows to substantiate the construction of 
stripping zone at the continuous technology of coal 
mining and carrying out stripping operations on 
cyclical and cyclical-continuous technology; 

— technique of optimal parameters objectification 
of a two-level technology of mining of the bottom 
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part of the stripping zone with cross-section panels 
in connection with the rates of coal mining and the 
transfer pitch of the transshipment points. 
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Mathematic model for parameter matching 
in evaluators group model with application of 
the distributed information processing principle 


A. Tsekhovoy & Zh. Sultanbekova 


Kazakh National Research Technical University named after K.I. Satpayev, Almaty, Kazakhstan 


ABSRACT: Parameters matching in the applied evaluators group model as per the distributed information 
processing principle in tractive, operational and velocity calculations for transport should be considered in a 
form of mathematic model through final values averaging and use of the matching factor defined on base of 


the model. 


1 INTRODUCTION 


To computerize a routine designer’s work in selec- 
ting type of transport and its parameters the program 
runs a database (DB). Duration of matching process 
of desired values received from the evaluators and 
duration of the process of calling to program blocks 
and database has an influence upon calculation peri- 
od. Possible PC pending should be taken into con- 
sideration too. 

The methods studied have been implemented in 
the form of program tools and series of tests have 
been completed. 

Complex structure of program tool was developed 
together with the distributed information processing 
model enabling to select the project execution crite- 
ria to speed up the design process significantly 
while maintaining a high quality project or to exe- 
cute the project at low material costs without reduc- 
ing the design period. 

Calculation of performance index of open pit 
transport used in the course of minerals recovery as 
a sample for implementing the distributed infor- 
mation processing approach during the opencast 
mining design is observed further. Calculations 
relating to open pit dump trucks provided sequen- 
tially (cascaded) include the following phases: 

—defining actual carrying capacity of dump 
trucks, carrying capacity use factor and body 
capacity; 

— calculation of velocity of dump truck travel sub- 
ject to the open pit road elements; 

— checking the conditions of loaded dump truck 
travel at ruling gradient; 

— defining the value of interval between the trucks; 

—calculation of operating dump trucks and 
inventory stock. 
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Three independent calculation modules based on 
different methods determining the production rate of 
open pit transport have been generated on a basis of 
five-phase calculation of duration and content for 
the open pit transport. These calculation modules 
were implemented as a part of the evaluators’ group 
model represented in the form of individual program 
blocks executed by the coordinator or with the help 
of one evaluator. 

Coordinator or chief designer who assembles a fi- 
nal design on a basis of results of individual mod- 
ules calculations serves as a match link between 
individual blocks. 


2 MATHEMATIC MODEL 


Mathematic model of operational calculations for 
the open pit transport serves as a base of sequential 
algorithm when developing the Auto software com- 
plex implemented in object-oriented environment of 
MS Visual Basic (Evgenev 2006, Kuzmin et al. 
1991, Share point service 2005) programming. 

The developed software complex is used as 
basic parameter for checking the adequacy of the 
developed distributed information processing 
model when providing the calculations relating to 
open pit transport. 

Since the work assumes application of the evalua- 
tors group for independent execution of all three 
specified modules the interrelation of all parameters 
in the evaluators group model (CGM) was exam- 
ined. When studying such interrelation between the 
open pit transport calculation parameters in the dis- 
tributed information processing model the parame- 
ters involved in the complex of open pit transport 
calculations must be adjusted. 


Every evaluator in the EGM defines the value of 
shift-based production rate for dump trucks by dif- 
ferent simplified methods which are to be approved 
by the coordinator. 

Shift-based production rate of dump trucks should 
be defined as per the following formula: 

_ OOF, Ts 


= ———— 


O, K,, 
T; 


(1) 


where P, — actual carrying capacity of a dump truck; 
Ts, — duration of a shift; 7, — full time of a trip; 
K,, — use factor of shift time. 

However, in reality the calculation of the param- 
eters included in the main formula (1) is usually 
provided by different methods depending on quali- 
fication of the evaluator executing this procedure. 
In virtue of the established procedure, especially 
on design works and operations plans calculations 
level the value P, actual carrying capacity of a 
dump truck, 7,, — full time of trip, K,, — use factor 
of shift time are usually different from case to 
case. Within the frame of this task we are to check 
the probability of getting a reasonable result by 
using a formula (1). To see the work of every in- 
dependent evaluator the methods applied for calcu- 
lation of designed parameters on basis of existing 
practice have been selected. 

Out of four parameters involved in calculation of 
this parameter the value 7,, 1s provided by the cus- 
tomer, i.e. duration of shift will remain as a con- 
stant. The values of rest three parameters (Pa, Ku, TA 
may differ since calculated by specific method or 
accepted by independent evaluators. 

Actual carrying capacity of dump truck P, in 
module one should be defined as per the given for- 
mula subject to values of the following indicators: 
number of buckets required for loading the vehicle 
body; volume of rock mass in excavator bucket. 
This indicator in module two and three should be 
based on standards. 

The value T; should be defined through exact 
values related to dump truck travel time along the 
roads, time required for loading/offloading, ma- 
nipulations and waiting time for loading. In the 
second computation block the value of this indica- 
tor should be defined as per the given calculation 
method and in first and third block the value is 
defined by the evaluator on grounds of length of 
the sites and roads surface. Use factor for the shift 
time K,, should be defined as a travel time-shift 
length ratio. Therefore, this ratio in third block 
should be defined as correlation and the same in 
first and second blocks is to be defined in accord- 
ance with the designers’ opinion. 
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As a result three computation blocks work we 
have three different Q,, values. Coordinators task is 
focused on the results matching. The Q,, value is a 
random value dependent on different organizational, 
technological and technical factors (Figure 1). 
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Figure 1. Distribution of experimental indicators: (a) dis- 
tribution of the first computation module results; (b) distri- 
bution of the second computation module results: (c) dis- 
tribution of the third computation module results; (d) dis- 
tribution of experimental indicators. 


Indicators of dump truck shift-based production 
rate defined by three different methods for 30 sam- 
ples provided a list of random indicators that serve 
as a base for Q,, value distribution function. The 
Figure 1 shows the distribution of experimental 
indicators functions in three computing blocks (a, b, 
c) and distributing experimental data function (d). 

Mathematic expectation of the shift-based dump 
truck production rate indicator under study is 
M = 645.595, mean square deviation o = 489.38 and 
dispersion D = 239494.3. Mathematic expectation of 
the first evaluator M, = 635.336, second evaluator 
M, = 641.3333, third evaluator M3 = 660.116 and 
therefore, the mean square deviation cı = 247.680, 
o = 287.1356 and o; = 279.215. 

As it is known the density function distribution f is 
limited on the left and the right and looks as follows: 
E(t) [= (4+4M +B), (2) 
where A and B — lower and upper border of random 
value; M — the most probable value t or mode. 

To process results of the calculations made by the 
evaluators group in order to get the value which is 
the closest to a basic indictor the two approaches for 
matching of the parameters received from the evalu- 
ators were developed. 


3 CONCLUSIONS 


Option one of matching model. 

Step 1. Define arithmetic mean of three values of 
shift-based production rate as per the following 
formula: 


Osn a On + 0.13 
3 


Step 2. Define a relative error of mean value of 
shift-based production rate against the reference 
value of this parameter. Find dispersion and mean 
square deviation of the indicators on the base of 
error as per the following formulas: 


P= (3) 


2 


a(R — Or a) 


n-—1 


o =D. (5) 


Step 3. Define ratio of values of shift-based pro- 
duction rate received from every evaluator to a ref- 
erence value: 


O.ni 
Or) _et 


D; (4) 


9 


Q, Q, 
k = doa haa (6) 
Ojiza Osher 


155 


Step 4. Coefficient amount is to be divided by 
number of tests and we get an averaged value of the 
coefficients as follows: 




















— 1 — l — 1 
ka khac T r . (7) 
vk, Vk vk; 
i=l i=l i=l 
n n n 


Step 5. Calculate an averaged value of shift-based 
production rate: 


Osni © Ki +Osn2 K2 + Osn K3 l 


P, = mH 
Ki +K, +K, 


(8) 


Step 6. Define relative error of the mean value of 
shift-based production rate P, against the reference 
value of this parameter. On a basis of error value 
find dispersion and mean square deviation similarly 
to the formulas (5) and (6): 


2 


H(n-04 4) 


D, 


o, = JD. (10) 


Step 7. Define arithmetic mean of four shift-based 
production rate values as per the following formula: 


Osn1 + Ovn2 = Ovn3 F P, 
4 2 
Step 8. Similarly to the formula (7) define the fol- 
lowing coefficient: 
P 
Ohe 


Step 9. Get a mean value of the following coef- 
ficient: 


(9) 


n—1 


pe (11) 


kg 





(12) 





(13) 





Further repeat this iteration similarly to the for- 
mulas (6) —(11) and get the values of matched pa- 
rameters P4, Ps, P¢, P7 of the dump truck shift-based 
production rate subject to the matching ratio 


K,,K,,K;,K4,K5,K5,K7,Kg which 1s to be calcu- 


lated as per the formulas (13) — (7). 

As per this method the optional values of P4, Ps, 
P., P7 should be defined as adjusted values. 

This approach is ineffective for matching the pa- 
rameters received from three independent evaluators, 
Le. averaged and adjusted values of the parameter 
under study diverge with the reference indicator. 
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Improving enhancing methods of instrumental 
monitoring of rock mass geodynamics at mining 


ferruginous quartzite in open pits 
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ABSTRACT. The article shows that the relation between electric and elastic properties of crystalline rocks 
enables enhancing methods and devices for monitoring rock mass geodynamics at mining ferruginous 


quartzite in open pits. 


1 INTRODUCTION 


Kryvyi Rih Iron Ore Basin is one of the world’s larg- 
est iron ore basins and main raw material base of 
Ukraine’s ferrous metallurgy. The deposits have been 
developed for over 130 years. However, proven ore 
reserves enable many decades of iron ore mining. 

At present Kryvbas iron ore is mined by the com- 
bination of open pit and underground methods as 
well as the open pit method in areas influenced by 
underground mining. The movement of strata rock 
slides influenced by underground mining is not 
finished yet — the open pit face is entering craters, 
benches and cavities fractures, movement troughs 
are still developing. 

This is caused by the fact that for a long time the 
same deposits in Kryvbas have been mined by both 
underground and open pit methods almost simulta- 
neously. Underground and open pit methods are 
often applied at the same part of the deposit without 
matching technological cycles that causes certain 
problems, deteriorates engineering-and-economical 
performance of the mining enterprises, mine safety 
and environmental situation in the region. 

The complex use of both mining methods will en- 
able mining iron ore to a fuller extent, decreasing 
capital expenditures and investments and improving 
engineering-and-economical performance of the 
mining enterprises, mine safety and environmental 
situation in the region. 

Along with positive ones, there are also negative 
factors of simultaneous application of the both 
methods. There occur anthropogenic geostatic pres- 
sure disturbances in the rock mass worked by un- 
derground mining. Pit crater outbreaks under pit 
benches and bottom or dumps can considerably 
complicate mining in pits. Mass underground blast- 
ing can decrease bench stability. 
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Combined open pit and underground mining re- 
quires thorough coordination. However, the both 
methods being properly ordered, the negative fac- 
tors can be minimized. To do that, it is necessary to 
work out flow sheets of safe and highly efficient 
methods of mining and a system of monitoring rock 
geotechnics and geodynamics. 

The present situation in Kryvbas requires working 
out and implementing measures to prevent the nega- 
tive geotechnics and anthropogenic influence of 
open pit and underground mining on the geological 
terrain and the environment. The primary task of 
detecting structural changes in the rock disturbed by 
underground mining is solved by applying the geo- 
physical method of registering Natural Earth Im- 
pulse Electromagnetic Field (NEIEMF) parameters. 

It should be noted that NEIEMF method 1s mainly 
based on the empiric knowledge of genesis and 
temporal progress of potential rock movement slide 
centers influenced by underground mining. This fact 
slows down both the development of methods of 
monitoring the above objects dynamics and, in par- 
ticular, the prediction of potential movement slide 
processes. 


2 MAIN PART 


The widely used geophysical method of studying 
the rock mass geodynamics influenced by under- 
ground mining is known as the method of register- 
ing Natural Earth Impulse Electromagnetic Field 
(NEIEMF) parameters. It has some disadvantages 
and its empiric base restricts its application. 

Firstly, as mentioned above, formation of local 
electromagnetic radiation centers in regions with 
developed open pit or underground mining is caused 
by exclusively anthropogenic factors; therefore, this 


is the nature’s response to invasion of geostatic pres- 
sure. This phenomenon does not exist every time and 
everywhere, but Earth’s magnetic field does (Bare- 
char 1981). Secondly, and very importantly, some 
scientists think that it is not NEIEMF momentums 
that are registered but individual non-linear magnetic 
waves (Sena 1977, Filippov 1990). 

So, considering the existing physical phenomenon, 
the geophysical qualification of the NEIEMF method 
requires certain adjustment. Thirdly, any natural physi- 
cal process is obligatory mathematically formulated 
that reveals its content and stimulates its proper use. 

It should be noted that the NEIEMF method is 
empirical; this comes from the current understand- 
ing of the physical phenomenon. In view of the 
above it is necessary to analyze the dynamics of the 
discrete non-linear magnetic field in the continuous 
static magnetic field. There is every reason for this 
as the principal genesis of the physical phenomenon 
to be identified is as follows. 

In high load conditions at certain parts of a solid 
environment (sedimentary and crystalline rock in- 
fluenced by underground mining) an unbalance of 
the magnetic field of the inner structure of rock is 
formed. Resulted from the magnetic field unbal- 
ance, some of the most vulnerable in terms of stabil- 
ity rock areas influenced by underground mining are 
“stimulated”, centers of stable non-linear magnetic 
wave emission, including those caused by the ener- 
gy of the local gravitational field that sustains and 
develops high external load of centers of magnetic 
field dynamics under conditions of industrial dyna- 
mism, e.g. industrial seismicity. 

Discrete magnetic nonlinearity dynamics occurs 
in the continuous static magnetic field that evidently 
offers certain resistance to intrusion of magnetic 
nonlinearity. Due to that nonlinearity intrusion de- 
creases to zero. Intrusive nonlinearity movement is 
of certain length depending on the initial capacity 
power of intrusive nonlinearity and energy of the 
external static magnetic field that contains intrusive 
nonlinearity movement until zero. 

Crystalline rock has both magnetic and electric 
ordering. Interrelation of magnetic, electric and 
elastic properties results in cross effects connecting 
magnetic and electric characteristics of the material. 
Applying the external electric field to such structure 
causes magnetization changes, and applying the 
external magnetic field causes polarization changes. 

This effect called magnetoelectric (ME) enables 
designing fundamentally new solid-state electronic 
devices. Rather small ME-effect values in mono- 
crystalline rock confine significantly the use of the 
devices. In rocks consisting of mechanically cou- 
pled magnetostrictive and piezoelectric components 
the ME-effect value is considerably greater. 
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This allows designing ME-effect based devices, 
e.g. magnetic-field sensors, with much greater sensi- 
tivity than that of Hall ones. ME-effects are condi- 
tioned by connection of magnetostriction and piezo- 
electricity. The in the alternating magnetic field due 
to magnetostriction there appear mechanical stress- 
es that are transferred into the piezoelectric phase; 
and due to the piezoelectric effect polarization 
changes and electric pressure potential occurs. 

As piezoelectricity is a linear function of the elec- 
tric field intensity and magnetostriction is a non- 
linear function of magnetization, in general both 
linear and non-linear ME-effects appear. Many stud- 
ies dealt with the linear ME-effect that consists in 
the electric potential occurring in, for example, a 
capacitor (with a dielectric made of magnetostric- 
tive-piezoelectric material) when it is placed into 
static continuous (bias) and alternating magnetic 
fields. Frequency dependence of the effect is reso- 
nant, at the antiresonance frequency ME-factor 
shows peak increase. 

The effect value depends on the static magnetic 
field and there is a pronounced maximum on the 
so called field dependence. In the weak fields the 
effect value is proportional to the bias field value. 
This is because of the fact that in the area far 
from saturation magnetostriction is a quadratic 
function of magnetization. So, when there is a 
bias field, the ME-effect value is proportional to 
the product of static and alternating fields’ densi- 
ties intensities as there is a linear in the alternat- 
ing magnetic field ME-effect. However, along 
with the linear one there is also a non-linear ME- 
effect with the value inversely as the square of 
the alternating magnetic field. 

In case of large bias fields its value is far less than 
that of the linear one and can be neglected. But in 
case of weak fields its value is commensurable or 
more than the linear effect value. This fact should 
be considered when designing magnetoelectric sen- 
sors for measuring weak fields. 

With the quadratic effect of the magnetic field 
the frequency of mechanical oscillations vibrations 
in the magnetostrictive phase will make twice the 
frequency of the applied alternating magnetic field. 
Being transmitted into the piezoelectric phase 
through mechanic interaction, these oscillations 
vibrations will change the piezoelectric polariza- 
tion and, as a result, the doubled frequency electric 
voltage tension appears on the capacitor plates. 
When the alternating magnetic field frequency 
equals half the antiresonance frequency, resonant 
effect step-up will occur. Unlike the linear effect, 
this resonance will take place at a zero bias field 
and its value will be quadratic of the alternating 
magnetic field intensity. 


In the low-frequency spectrum region due to su- 
perposition of signals from linear and non-linear 
effects on the temporary dependence of a signal 
there appears difference of amplitudes of two 
neighbor maximums. The value of the difference is 
proportional to the static magnetic field intensity. 
This effect can be used for measuring a static mag- 
netic field in the area of fields far from a saturation 
field of a magnet. A plate of a magnet (thickness "f) 
and a piezoelectric (thickness ’t, polarized perpen- 
dicular to the plate plane — axis Z) can serve a model 
of the theoretical description of the ME-effect 
(Venevtsev et al. 1982, Belovm 1987). 

Let us assume that the direction of a static and al- 
ternating magnetic fields with the frequency w’ and 
the direction of polarization coincide. The move- 
ment equation for the x-projection of the environ- 
ment displacement vector “uw, considering nonuni- 
formity of vibrations in the direction perpendicular 
to the interface horizon contrast is as follows: 

Oe 70 te OL, 
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where a equals m for magnetostrictive and p for 
piezoelectric layers, “p — ferrite or piezoelectric 
density, “T; — stress tensor. 

Considering the plate long and narrow inhomogene- 
ity, heterogeneity along the plate width, taking into 
account the fact that vibrations oscillations in the 
magnetostrictive phase are transferred into the piezoe- 
lectric phase through shear deformations, equations 
for the tensor of deformations of the magnetostrictive 
"S; and piezoelectric ”S; phases and z-component of 
the electric displacement vector are as follows: 
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where ”Y, ”G, “Y, "G — moduluses of elasticity 
(Young modulus) and magnetostrictive and pie- 
zoelectric phase displacement correspondingly; 
DaT ôy (O(M,)’)’ — magnetostrictive factor; yı — 
magnetostrictive deformation in the direction per- 
pendicular to the magnetic field; x — magnetic 
susceptibility; d,,,—piezoelectric tensor; ¢,,— 
dielectric tensor of the piezoelectric; H, = Hm 
exp(iw't)— intensity of the magnetic field with 
frequency ow’; E, — z-projection of the electric vec- 
tor in the piezoelectric. 
Solution of equation (1) is as follows: 


“u ="ul(x,z)exp(iar), 


(7) 


where w = 2m'— vibration frequency. 

Solving the equation of movement for x- 
projection of the environment displacement vector 
and inserting the received expression into equation 
(6) using the condition of an open circuit for the 
potential difference on capacitor plates, the follow- 
ing expression is obtained: 
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termine discontinuity, heterogeneity; inhomogeneity 
environment displacement slide shift along axis Z; 


"V, =4"Y/"P , PV, =4 ”Y/”p — dilatational 


acoustic wave velocity; v — poisson ratio that is to 
be the same for magetostrictive and piezoelectric 
phases; A = kL/2 — dimensionless parameter; 
k — wave number. 

Dispersion relation that connects the wave num- 
ber and angular frequency, is determined based on 
consistency of the system of equations (1) — (5): 


™ x Yt0(™k LP x? Veal Pk). (10) 
Equation (10) for thin layers is considerably sim- 
plified and turns into: 
“ptt pet 
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Equation (8) describes frequency dependence of 
ME-effect. It is determined through the dependence 
of a wave number on frequency. Equation (8) shows 
that at so called antiresonance frequencies when 
A,, = 0, ME-factor shows peak increase. It should be 


noticed that antiresonance frequencies are near res- 
onance frequencies that are determined by the con- 
dition k = (a/2)(2n — 1) or L = (A/2)(2n — 1), where 4 — 
acoustic wave length, n = 1,2,... — an integer. 
Then, considering (10) frequency of the first and 
main resonance will occur near the frequency de- 
termined by: 
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Undoubtedly, when mining ferruginous quartzite 
in open pits, the mentioned dynamics of the ME- 
effect enables improvements of methods and devic- 
es for monitoring geodynamics of rock mass influ- 
enced by underground mining. 

Unlike the existing empiric one, the suggested 
approach to timely preventing the destruction of 
surface rock areas influenced by underground min- 
ing allows effective monitoring the temporal pro- 
gress of destructive energy of deformation of poten- 
tial movement slide of surface rock areas influenced 
by underground mining as well as informs about the 
time of their destruction in areas of large-scale un- 
derground and open pit mining. 
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3 CONCLUSION 


In Kryvbas intensive open pit and underground 
mining have been carried out for a long time results 
in anthropogenic destruction the natural geological 
geostatic pressure in rock mass influenced by un- 
derground mining. 

Anthropogenic influence on the environment 
causes landscape and social problems. 

Scientific studies of the process of accumulating 
destructive energy at areas with potential defor- 
mation of rock mass influenced by underground 
mining are carried out by the State Research Ore 
Mining Institute of SIHE “Kryvyi Rih National 
University”. 

The current empiric level of knowledge of genesis 
and temporal progress of potential rock movement 
slide centers influenced by underground mining 
slows down development of geophysical methods of 
monitoring open pit dynamics and, in particular, 
prediction of potential disturbances deformations of 
the above objects. 

The currently applied method of studying rock ge- 
odynamics called the method of registering Natural 
Earth Impulse Electromagnetic Field (NEIEMF) 
parameters is mostly empiric. It has some disad- 
vantages and its empiric base restricts its application. 

The article provides grounds for improving meth- 
ods and instruments of monitoring rock mass geo- 
dynamics at mining ferruginous quartzite in open 
pits within areas influenced by underground mining. 
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ABSTRACT: The results of studies were summarized in the article, which conducted by the authors in the 
course of carrying out scientific studies on the vertical movements of the earth’s surface under the influence 
of the development of the Tengiz field. Nowadays, in many oil and gas basins of the world recorded strong, 
and even catastrophic geodynamic phenomena related to oil and gas extraction. These phenomena are real- 
ized in the form of earthquakes, fault activation in the sediment and intensive subsidence in the earth’s sur- 
face. It is proposed the technique of repeated observations points geodynamic polygon using total stations, 
laser levels, satellite systems, which increases the accuracy and efficiency of determining the earth’s surface 
subsidence, and the effectiveness of monitoring through field and office computerization of surveying and 


geodetic works. 


1 INTRODUCTION 


The subsoil of the western region of the Republic of 
Kazakhstan is rich by hydrocarbon fields. A large 
scale development of oil and gas resources, leads to 
intense movements of the earth’s surface, both with- 
in the local area, and in the individual structural 
elements, resulting in bending occur boreholes tear 
gas and water pipelines, disabling the railways and 
roads, underground utilities and engineering struc- 
tures, which in turn leads to a considerable econom- 
ic loss. All this is a direct consequence of the 
change of the geodynamic regime of the geological 
environment under the influence of large-scale de- 
velopment of the subsoil, which conclusively 
proved by the results of experimental studies of the 
motion of the Earth’s surface by the example of 
nature-technological system “Caspian zone”. 


2 MAIN CONTENT 


For safe and efficient oil and gas development is 
necessary to investigate the impact of natural and 
anthropogenic factors on the development of defor- 
mation processes that will assess the possibility of 
controlling their effects on the rock mass, the earth’s 
surface and engineering facilities. There is also the 
unsolved question of operational monitoring of 
ground deformation, processing and analysis of the 
received information. Therefore, one of the actual 
problems of intensive mining, especially in seismi- 
cally active regions, is the study technological 
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movements of the earth’s surface. Various condi- 
tions of occurrence of oil reservoirs, their sizes and 
shapes, as well as the technological features of con- 
ducting mining operations require individual, tech- 
nical solutions based mining subsoil protection, 
environmental protection and industrial safety. 

All these issues are regulated by the decree of the 
President of the Republic of Kazakhstan having the 
force of law from 29.01.96 Ne2828 “On Subsoil and 
Subsoil Use” and the Law “On Oil” and “On Envi- 
ronmental Protection”, where oil and gas company 
is responsible for monitoring state the array under- 
mining objects and utilities to ensure the normal 
operation of the enterprise. 

Perfection of a technique of surveying and geo- 
detic observations of the land surface subsidence 
and prediction of their parameters in the manage- 
ment of subsurface monitoring is a fundamental 
factor in improving the safety and efficiency of 
development of hydrocarbon fields. 

The work contains research results obtained by 
the authors in the course of carrying out research as 
direct contractors “Study of vertical movements of 
the earth’s surface under the influence of the devel- 
opment of the Tengiz field” (NCI No 1-14-01 from 
01.01.2004) and “Bookmark geodynamic polygon 
and conducting instrumental observation on the 
field Botakhan” (NCI Ne 2.771.08). 

Currently accumulated extensive material for traf- 
fic on earth, both within the local areas — geody- 
namic polygons (GFC) and over large areas. In most 
cases, GFC observations are complex: at the same 
time to study the motion of the Earth’s surface and 


conducted a wide range of geological, geomorpho- 
logical, geophysical, seismological and geodetic 
studies mainly, the possibility of deformation of the 
earth’s surface caused by the engineering activities 
of people (technological movement). 

For a correct prediction of subsidence over the 
earth surface (SES) and the adoption of appropriate 
measures to prevent the harmful effects of oil and 
gas, it is necessary to know the technological com- 
ponent of the total amount of vertical SES, or 
measures to prevent subsidence of these lead to 
unnecessary material costs and will be ineffective. 
In this regard, the special importance of reliable and 
timely forecast technological SES, which is under- 
stood scientifically, based judgments about possible 
states of the object in space and time. 

Research in the field of study of the motion of the 
earth’s surface in large-scale oil and gas develop- 
ment based on many scientific research organiza- 
tions and individual researchers (Rock burst...2005, 
Kondratyev 2003, Lyubushkin 2003, Simmons 
2004, Viktorov et al. 2005, Owen 2005, Mora & 
Keipi 2006, National Center..., Kozyrev et al. 2005, 
Nurpeisova & Bekbasarov 2006). However, despite 
some progress in addressing changes in geodynamic 
regime of the geological environment for large scale 
development of mineral resources, some questions 
remain insufficiently studied. 

At the present stage of development of applied 
geodesy no scientifically based methodology for 
monitoring land surface deformations developed oil 
and gas fields. Regulatory framework is also miss- 
ing. Traditionally used scheme in such work is 
thickening of the state geodetic network in the area 
of oil and gas lines, leveling of class II. In this cal- 
culation is not carried out the required measurement 
accuracy is not justified by the required frequency 
of observations, not a principle of reasonable mini- 
mum amount pledged survey markers within the 
area of potential subsidence. In connection with this 
unnecessarily increases the cost price of the work 
and informative study is lost. 

Thus, the organization of monitoring the 
movement of the earth’s surface (MES) in the area 
of oil and gas experience the following specific 
requirements: 

—improving the 
results; 

— increasing the efficiency of observations; 

— cost-effectiveness of research. 

It was our main aim of our research. 

Kazakh National Technical University made theo- 
retical and experimental surveyor — geodetic re- 
search examining the movements of the earth’s 
surface in the Tengiz and Botakhan. 


information content of the 
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Tengiz — it is the largest oil field in Kazakhstan, 
opened in 1979 and located in the Caspian oil and gas 
province 160km southeast of Atyrau. Producing 
horizons are in the depth interval 3.8 — 5.4 km from 
the earth’s surface. The essential feature of the depos- 
it is the presence of large amounts of hydrogen sul- 
fide which is under abnormally high reservoir pres- 
sure. The reservoir is represented sophisticated con- 
structions carbonate crack or fracture-vacuum in- 
collector and salt confining beds. Features of the 
structure reservoir- available separate hydraulic unit, 
the connection between them is difficult or absent. 

Abnormally high reservoir pressure, complex ge- 
ological structure, as well as a significant field life 
with ever increasing volumes of recoverable oil 
yield suggests the possible drawdown of anthropo- 
genic origin, and that was the basis for this study. 

In solving the problem of determining the techno- 
logical SES along with geodetic methods widely 
used methods of theoretical calculations of SES. In 
determining the SES caused oil and gas extraction, 
solves two problems: the calculation of sedimenta- 
tion seam roof (SSR) and the calculation of the PCR 
from the known value of SSR. 

The accuracy of the calculated value of the SES 
depends on the accuracy of the calculation of the 
vertical compression of the skeleton oil reservoir (or 
subsidence seam roof). The results of theoretical 
calculation of anthropogenic SES give less accurate 
results than the actual repeated geodetic measure- 
ments. However, it seems promising to use them 
both at the design stage of geodynamic polygon 
(GDP), so to compare the calculated values of the 
SES with the same values obtained by re-leveling. 

State oil and gas reservoir in the process of its de- 
velopment depends on natural and anthropogenic 
factors. Natural factors include the geological fea- 
tures of the structure and properties of petroleum 
reservoir rock from which the reservoir is. Among 
the technological factors include: the ways of plac- 
ing production and injection wells, the rate of pro- 
duction and injection fluids, and others. 

In this regard, besides the Tengiz and Botakhan al- 
so just studied a number of oil fields in Kazakhstan 
sector of the Caspian Sea. Areas of development of 
many fields are located in areas with intense tectonic 
movements. According to the geological documen- 
tation and field observations identified the main 
characteristics of tectonic disturbances. 

Efficiency and safety of mining operations during 
extraction of minerals, also during exploitation of 
facilities, which are placed in the operations site of 
these actions, depends on geodynamic state of 
thickness of minerals and tectonic and techno genic 
processes occurring in those minerals. Meanwhile, 
projection of mining companies are usually based 


on poor information about the state of rock mass, 
because it is impossible to make observations on the 
construction site of future facility before the begin- 
ning of mining operations. 

These problems and complications are dealt with 
the assistance of geodynamic monitoring, the main 
goal of which is obtaining operative information 
about geomechanical processes and consequences 
caused by them occurring in the earth formation and 
earth surface, which are needed for taking well- 
timed preventive measures. 

According to the regulation about the geological 
and surveying provision of industrial safety and 
protection of natural resources in the Law of natural 
resources and their usage No 2828, Law about the 
natural and techno genic emergencies, Regulation 
about Governmental monitoring of natural resources 
of Republic of Kazakhstan, functions of surveying 
service include monitoring of natural resources, 
including processes of rock mass and earth surface 
movements, geomechanical and geodynamic pro- 
cesses in natural resources usage to prevent delete- 
rious effect of mining operations on capital mining 
operations site, surface facilities and environment. 





Analysis of the 
geology and 
tectonics of 


the area 


The study of natural-technical system (NTS) 


Analytical and experimental 
evaluation of the parameters of 
the stress strain state of arrays 


Based on the analysis of geology and tectonics of 
region, numerical modelling and experimental eval- 
uation of the state of strain in the massive, energeti- 
cally loaded zones could be pointed out, which de- 
termine boundaries of geodynamic monitoring 
zones. Afterwards, monitoring of danger zone is 
done, which mainly includes control of deformation 
and parameters of geophysical fields. 

Reliable information about deformations of rock 
mass could be obtained through direct geodetic 
observations on geodynamic polygons. Earth sur- 
face movements (ESM) are learnt through method 
of repetitive leveling based on first class technique, 
when measurements of excess in sections between 
adjacent frames are analyzed. Technology of level- 
ing must correspond to requirements of accepted 
technique. 

The expected structure of learning technique and 
prediction of dangerous states in NTS considering 
the whole complex of geophysical and geodetic 
measurements and their joint processing are repre- 
sented on Figure 1. 


Analysis of environmental safety 

in the subsoil of Kazakhstan and 

forecasting strategic directions of 
development of subsurface 


Delimitation of zones of geodynamic monitoring 
Geodynamic monitoring of the danger zone 
Monitoring of deformation Monitoring of geophysical fields 


GPS 
Geodesic 
Seismological 


The control of 
parameters of 
seismic-acoustic 





Q 
oS 
o p 
fs o 
— 
= oD 
Se 
O 
o & 
a 8 
eH a 


electromagnetic 
fields 


Evaluation of the critical state of the natural-technical system 


Figure 1. Scheme of learning method and prediction of geodynamic processes in NTS. 
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The first leveling work in the Tengiz field were 
conducted in 1989-1991 by ukrainian “Gipro- 
NUneft’” together with the expedition of 105 Hooke 
in Kazakhstan. Performing at that time consisted of 
48 geodetic leveling characters. 

Analysis of materials devoted to the study of the 
SES developed oil and gas fields, showed that the use 
of repeated leveling by trunk moves leveling SGN can 
not get enough information about vertical movements 
of the earth’s surface (VMES) deposits. The scheme of 
special geodetic constructions planned on the GFC not 
always lead to the desired result, particularly in areas 
that coincide with areas prone to active anthropogenic 
influence, where there is a problem common VMES 
division into separate components. 

In order to study technogene phenomena, and 
seismotectonic movements earth’s surface, caused 
by the development of mineral resources, the man- 
agement of “TCO” decided to resume in this area 
surveillance array. In this regard, after a detailed 
geological, geodetic surveying-study areas and 
technological parameters of the Tengiz field was 
recreated geodynamic polygon by the proposed 
technique by us in 2005, placing a quadrilateral 
polygon in the center of the expected displacement 
trough with radial profile lines within the deposit. 

Given that the primary major faults Caspian re- 
gion have the latitude, profile lines were mainly 
oriented meridionally. Tengiz GFC consists mainly 
of seven specialized lines, as well as additional lev- 
eling networks of about 1000 points, including 5 — 
fundamental, 20 -— (reference and working) GPS 
network, 5 -— seismological, 5-— light ranging and 
10 — deep. At 407 points set security labels (Nur- 
peisova et al. 2003). 

Long-term observation of deformations over 1000 
benchmarks GFC showed the complexity of the 
field work, especially the transfer from one point to 
another set of devices (the device itself, stand, rack, 
etc. In this regard, developed the device circuit is 
shown (Figure 2), where the upper part of the center 
is equipped with forced centering table, for the in- 
stallation of instruments and measuring the efficien- 
cy of operations. The invention relates to a geodetic 
center for installation of new devices and signals. 
Such items on GFC Tengiz-25 pieces. The purpose 
of the invention — to increase the accuracy of center- 
ing, speed measurement without using a tripod in 
points standing and watching. The new device al- 
lows fast and precise alignment, and eliminates the 
use of tripods. 

In the study of modern movements of the earth’s 
surface of the vertical component is determined 
based on the results of repeated precision leveling. 
At GFC “Tengiz” leveling class II — produces digi- 
tal laser level firm Leika WILD NA 3003 with invar 
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strips by the method of double leveling in the for- 
ward and reverse direction. For leveling accuracy 
tolerance was set +0.4 mm, which corresponds to 


the leveling tolerances I-— class (Nurpeisova & 
Zhardayev 2004). 
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Figure 2. New installation for appliances. 
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The principle of leveling is based on processing 
the encoded signal (obtained from the rack), and 
then send the data to the computer and processing of 
a special program. The advantage of this system is 
the ease of measurement, no error with reading and 
writing, automatic calculation of height during the 
measurement and data logging. 

Included in the GFC “Tengiz” points form a 
framework region network. On these points was 
organized geodynamic monitoring of the condition 
of pipelines and engineering structures. 

The observations were made by three satellite re- 
ceiver GPS, which allowed to measure in some 
areas three vectors at the same time. Processing of 
satellite observations are made with a special pro- 
gram that is included with satellite receivers, the 
result will be horizontal coordinates of all points of 
the network and elevations. 

To assess emerging and developing at GFC 
ground deformation we analyzed the horizontal and 
vertical displacements 9 working points of the pipe- 
line profile line. Stage coordinates of points deter- 
mined from satellite measurements. 

To analyze the accuracy of measurements made 
satellite receiver GPS, measurements were made of 
the control network of precision electronic tachome- 
ter TS 1200. The circuit control network is a geo- 
desic quadrangles with measurements of angles and 
distances. Comparative analysis of the measure- 
ments (Table 1) showed the accuracy of satellite 
measurements practically coincides with the total 
station measurement accuracy. 

Years of experience surveying instrument obser- 
vations of the state of the rock mass in a number of 
fields in Kazakhstan helped to develop and imple- 
ment a high-technique observations using modern 
electronic equipment (Figure 3). 





Figure 3. Modern technology of high-precision observa- 
tions using GPS. 


Principles of leveling is based on processing of cod- 
ed signal (received from hub through lens). Micropro- 
cessor computes readings of hub and appropriate hori- 
zontal distance between hub and level. Measurement 
results are saved in REK module of WILD GRM 10 
with following data transfer into computer and data 
processing in special program. Advantages of such 
system are simplicity of measuring, absence of com- 
putation and reading errors, automatic computation of 
height during measurement and data logging. 

With increasing accuracy and efficiency of geo- 
detical measurements expands the list of problems, 
major contribution to solve those problems could 
come from modern geodesy. One of such problems 
is detailed study of technogenic processes. Solution 
of this problem could lead to creation of constantly 
functioning geodynamic technogenic polygons, 
which rely on regularly performing complex of 
geophysical and geodetic observations with geodetic 
interpretation of its results. Highly detailed geodetic 
observations on geodynamic polygons are held by 
surveying services. Increased volume and intensity 
of mineral resources development lead to the occur- 
rence of technogenic disasters, which are related to 
certain shifts and subsidence of earth surface. 

Among modern methods and research tools of dis- 
locations and deformations of earth surface the tech- 
nology of satellite system (GPS system) proved to be 
effective. Satellite GPS systems(global positioning) 
are needed to create calculation basis of deformations 
and geo informational systems, which allow to pre- 
dict parameters of geodynamic processes. Along with 
GPS technologies, systematic observations of CEP 
are conducted with electronic tachometers and digital 
levels for different regions of intensive extraction of 
solid mineral resources (Nurpeisova et al. 2007, Nur- 
peisova & Turdahunov 2006). 

Principles of leveling are based on processing of 
coded signal (received from hub), with following 
data transfer to computer and processing of received 
data through special program. Advantages of such 
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system include simplicity of measurement, absence 
of computational and recording errors, automatic 
calculation of heights during measurement and data 
logging. Precise repeated leveling operations were 
conducted in two cycles (fall and spring periods). 
Results of leveling attributes of 2008 are shown in 
Figure 4, which indicates about: 

—maximum speeds of deformations related to 
zones of fracture. 

— regularity of deformation processes of earth sur- 
face, besides deformations occur highly irregularly 
in terms of space and time (subsidence has positive 
and negative signs); 

—maximum deformation speeds, which occurred 
in period of 2001 — 2008, related to fracture zones; 

— tectonic nature of earth surface subsidence (accord- 
ing to positive signs of dislocation of frames in height). 

Repeated geodetic measurements were also con- 
ducted with electronic tachometers TS110, TS 120 
of Leica Corporation and results frames subsidence 
were compared with results of repeated leveling. 
Evaluation of height measurement accuracy of these 
frames with electronic tachometer TS 1200, where 
SKP of 1 km was equal to “= 2.51 mm, on station 
u = 0.79 mm. 

On GDP “Tengiz” in period from 2000 to 2005, 
8 cycles of following GPS measurements were 
conducted: 

—transmission of coordinates from p.ITRF to 
supporting point No 2; 

— determination of coordinates of all three sup- 
porting points of GPS network; 

— determination of dislocations of working points 
from pipelines locations; 

— average measurement time on one working point 
was equal to six hours depending on length of lines 
and conditions of receiving radio signal on point. 

Processing of satellite observations were conduct- 
ed with the standard program SKI (Leica Corpora- 
tion, Switzerland), which is included in GPS receiv- 
ers kit, as a result horizontal coordinates of all net- 
work points in local system of coordinates and 
height marks of frames were received. To analyze 
the accuracy of measurements, conducted with GPS 
satellite receivers, measurements of main satellite 
network with electronic tachometer TS 1200 were 
conducted. Comparative analysis of conducted 
measurements (Table 1) showed that accuracy of 
satellite measurements almost matches with accura- 
cy of measurements of electronic tachometer. Thus, 
development of geodynamic polygon’s network for 
precise observations using electric and satellite GPS 
receivers allowed to decrease time spent on deter- 
mining coordinates in recalculation of one point 
10 — 15 times and increase accuracy of determining 
coordinates at least 2 times. 
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Figure 4. Chart of dislocations of frames GDP “Tengiz”. 
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Table 1. Comparative analysis of satellite and linear measurements. 


From the point To the point a 
1 j 2359.266 
2 4 2606.720 
2 3 1220.430 
1 4 2276.461 
l 3 2840.789 
4 3 1962.898 


Note — average quadratic error 


On Figure 4 under numbers 1201, 1202, 1203 are 
indicated working frames. It was determined that 
supporting GPS points were chosen correctly based 
on comparison data of leveling works, because in 
period frame of 204 — 2008 they had dislocations of 
2to8mm, besides frames 1207 and 1219 
(%nax = 0.5 — 0.8 mm) confined to tectonic fractures 
(Nurpeisova 2010). 

In Figure 5 is shown a graph of displacement of 
benchmarks leveling network GFC “Tengiz” for the 
period 2001 — 2005 and 1992 —2008. 1 —3 on a pro- 
file consisting of 25 benckmarks. In the period of 


Centimeters, 77 


Figure 5. Chart of dislocation of frames by profile 1 — 3. 





TS 1200 dS, m Relative error 
2359.265 0.001 1/1947000 
2606.714 0.006 1/429000 
1220.428 0.002 1/663000 
2276.465 -0.004 1/625000 
2840.796 -0.007 1/386000 
1962.896 0.002 1/1002000 
0.005 


2001 — 2005, benchmark had a displacement of 2 mm 
to 8 mm, and for the period 1992 — 2008 mmay = 2.9 sm. 

Thus, the organization of further research organ- 
ization deserves greater attention on GFC geodetic 
monitoring, based on the use of satellite methods 
in those areas of engineering structures on the 
territory of the Tengiz field, which are subject to 
technogenic processes (Nurpeisova et al. 2013, 
Nurpeisova et al 2014). 


for 2001 — 2008 


for 1992 — 2005 
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Afterwards, all information on legitimacy of pro- 
cess of system displacements and parameters of 
critical condition proceeds into expert system, 
where assessment of natural-technical system (NTS) 
is done on the basis of integration of database and 
knowledge, and justified by appropriate manage- 
ment decisions. Final goal of these decisions is to 
provide either adapting functioning of NTS or con- 
trolled withdrawal of its critical state. 


3. CONCLUSIONS 


Analysis of results of monitoring of the earth surface 
displacements that occurred over the Tengiz field 
from 2001 to 2008 and registered in the processing of 
observational data showed the presence of accelerat- 
ing time-subsidence surface. Geodetic measurements 
are discrete, they do not provide a complete picture of 
the deformation processes in time. This can only be 
done with comprehensive research, including seismo- 
logical, geophysical methods, and space radar moni- 
toring of displacements. 
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Determination of borehole parameters for 
the degassing of underworked coal seams 


I. Pugach & O. Mukha 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: Developed a mathematical model to determine the parameters of laying degasification wells 
drilled on undermined flat and inclined coal seams. The essence of the method consists in determining the 
coordinates of the mouth of hole and borehole bottom using the apparatus of analytical geometry. The meth- 
od of calculation of rational parameters of degasification wells under the determination of the place and the 
amount of accumulation of methane by the stress-strain state of rock strata is developed. 


1 INTRODUCTION 


The problem of methane from gassy coal mines today 
is a complex problem that represents both industrial 
and environmental hazard. If wrong calculate the pa- 
rameters of degassing this create a threat of an emer- 
gency and reduced coal mining. 

As a result of the formation of mined-out space the 
wall-rock are set in motion. Layer the immediate 
mine roof above the mined-out space from the high- 
roof is separated and flexed along the normal to the 
formation. Then the overlying rock layers successive- 
ly are exfoliated and bended after the bottom layers. 
Under the bend between layers with different physical 
and mechanical properties the voids of ply separation 
can be formed. 

When drilling the boreholes towards working face 
and pillar system development, the increases of work- 
ing face speed is deteriorating connection of these 
wells with methane zone and reduced their effective- 
ness. In addition, the angle of the total displacement 
of the roof rocks depends from the working face 
speed. Getting started of the borehole and the effec- 
tiveness of its actions depend on the angle of dis- 
placement of the roof rocks. 

When the borehole crossing the plane of displace- 
ment of rocks gets into the zone of the loading-out 
from the rock pressure therein starts flowing methane. 
When the borehole approaching the zone of disorder- 
ly rockfall its efficiency is reduced due to intake air 
from the goaf. Angle of displacement with increasing 
the rate of stope is reduced (Bondarenko 2013). The 
mouth of hole can be destroyed before she starts to 
give methane. With this in mind, the calculation of 
topological parameters of the well with the mining 
and geological factors is an urgent task. 
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2 CALCULATION THE PARAMETERS 
OF THE LOCATION OF THE 
DEGASIFICATION BOREHOLE 


The position of the borehole defined by three pa- 
rameters (Degassing of coal ... 2004): /, — length 


of the borehole, m; Ø — the angle between the 
borehole and the horizontal plane, deg; ø — the an- 


gle between the projection of the borehole and the 
horizontal plane perpendicular to the axis of the 
output in the same plane, deg. 

In the article the analytical substantiation of cal- 
culating the parameters of degasification borehole in 
the mining and geological conditions is suggested. 

For effective the degassing of overlying rock 
borehole must to cross the degassed layer into the 
zone of the loading-out from the rock pressure. 
When drilling is necessary to consider the angle of 
unloading rock from rock abundant pressure y. 


And it must take account of as from the line stope, 
and from the mine working, from which the bore- 
hole is drilled. 

Methane drainage borehole prior to disconnecting 
from the degassing network should not cross the un- 
controlled rock caving zone. The height of this zone 
is usually taken as h,,.. =(4—6)-m , where m — ex- 


tracting seam thickness, m. 

The borehole cannot pass through the intersection 
of two planes that limit zone disorderly collapse of 
rocks and their unload from the rock pressure at an 
angle y from the line of the stope. The borehole 


must intersect degassed layer on the line of maxi- 
mum gas release ian) from the chitter into the 


methane drainage borehole. This line is parallel to 
the mine working, from which boreholes are drilled. 


When the distance between the layers 
M =25+60 m, then y,,, =(0.4+0.5)M. If the 


advance rate of stope is 1.0+1.5 m/day and 
Vmax = (0.6+0.8) M if the advance rate of stope is 


2.5 m/day and more. 

The scheme of degassing the overlying flat-lying 
seams by the boreholes from the liquidated mine 
working, when the extraction pillar mining across 
the pitch is represented. Topological parameters of 
the methane drainage borehole are determined at the 
time of disconnection from the degassing network 
and disposition the wellhead at a distance /,;... from 


the line of the stope. 





ros | osc "7 
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Figure 1. The calculation scheme for determining the pa- 
rameters of methane drainage borehole drilled at working 
mining across the pitch from the ventilation drift. 


Line with the coordinates of the borehole passes 
through the origin, the line of intersection of planes 
A and B and lines lying at a distance parallel to the 
axis drift (Yra). 

Shall find the equation of the plane which con- 
tains the origin of coordinates, and a line of inter- 
section of the planes A and B. Shall present this 
plane through the coordinates of three points that do 
not lie on a straight line: 

— the origin of coordinates O(xo, Fizy) : 


— two points of the line of intersection of the planes 
A and B: E (x ypz) and E, (x2, Y2,22) , where 
%45 l iise T h, ctg y 5 Yi = Vmax > 
4 = hcz + Y max! Z & > Ape lig 7 h, Ctg y > Y =0; 
where /j;,. — distance from a main point 


Za = Dyes ° 


turned-off of the methane drainage borehole from 
the pipeline to the line stope, m; @ — angle seam 
inclination, deg; M — the distance between the lay- 
ers, m (Figure 1). 

To determine the coordinates of the points we 
construct a projection borehole on the planes XOZ , 
XOY , YOZ (Figure 2). 


(a) 
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disc 
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Figure 2. The projections of borehole on the planes: 
(a) XOZ (b) YOZ , (c) XOY in developing the coal 
bed across the pitch. 


The upper sign (plus or minus), here in after 
adopted during drilling towards the dip, and the bot- 
tom — to the uprising. 

The flat surface passing through the three points 
that do not lie on a straight line is described by the 
equation: 


BONG: V Vo 25 26 
X= Xo Yı=Yyo %4-—2/=0. (1) 
AETA IEI T 


Substituting the values of the coordinates of 
points of the plane OFẸ E, in the equation (1), we 


find the determinant of the matrix: 


X y Z 
lise + h, ctg y Ymax Nes = Y maxt8 X = 
liist + h, ctg yW 0 lin 
_ | Vmax Prez F¥max!SO| 








0 h 


rcz 
l disc + hy. ctg W hcz + Y max!& a 4 
l disc + hy ctg WY hey 














Lom a AgopctgV Y max S (2) 
l omk T Ag6p cigy 0 
xh,- F (ytgar — z)( me Tho ttg y) =0. (3) 


The coordinates of the borehole bottom are locat- 
ed at the intersection of three planes: 

— the plane which described by the equation (3); 

— the plane of the superimposed seam; 

—a vertical plane passing through the line of max- 
imum gas release y,,,. . 


We define three points which are belong to the 





; M 
plane of the superimposed seam pfo 0, | 
cos Œ 





M M 
CoS X CoS X 


find the equation of the plane Dy D, D> : 























M 
x y Zr 
_ COS X | Ftga 
l +tga |=x _ — 
a 1 Ftg& 
1 1 + tga 
0 Figa M \0 1 
yi. eae =0, A 
1 +tga cosa }}1 1 
+F ytgæ -z+ =(). (5) 
COS A 


Vertical plane passing through the line of maxi- 
mum gas release y,,,, 18 described by the equation: 


Va Vie (6) 


Coordinates of the borehole bottom is the solution 
of equations (3 — 5): 
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xh, F (ytgæ — z (lase + hctgy)=0 





+F ytgæ-z=-— (7) 
cosa 
JY = Y max 
Let us find the determinant of the system: 
h,.. Ftgæ:A2 -A2 
A=| 0 + tga Ss: (8) 
0 l 0 


where A2=(/ dise T Mes lS y). 
Determinant is not zero, therefore, the system of 


; ; . A 
equations (5) has a unique solution: x,= = ; 
Ay Az 
=— , Zz} =—.. 


Replacing in the system (6) elements of the first 
column of free terms of equations (5), we obtain the 
determinant Ax , similarly— Ay and Az: 


Nees + tgal isc T h, ctg y) 0 
M 











Ax=| 0 + tga — = 
COS Œ 
0 l Y max 
M 
St eee Ge + hlg y) > (9) 
CoS Œ 
h,e- 0 —A2 
M 
Ay=| 0 - —L l= Va! ree » (10) 
COS Œ 
0 Ymax 0 
heo FAGALise +hyeectgy) 0 
M 
Az=| 0 + tga = = 
COS A 
0 l Y max 
Pres Tl. $ 
ste (M FYpa sina). (11) 
CoS Œ 
The system of equations (7) has a solution: 
M 
X= ( lisc + h, ctg y) 
h,., COS 0 
Vk = Vax (12) 
(M FY max SİN a) 
ee 
cos A 


The length of the borehole is defined as the unit 
vector dą — the distance between two points: 


O(0, 0,0) — mouth of the methane drainage borehole 
and k(x;,,y,,z,) — borehole bottom. Coordinates 


downhole can be found by solving the system of 
equations (12): 





Lal =y +y +z i (13) 
EHUN 
Ls = > =) (Dis + Arex tg y) + 
cos“ a| | h,e 
0.5 
+(M FV pasin S |+ Vias (14) 


Angles of inclination Ø and rotation @ of the 
borehole can be set according to the formulas: 


B =arctg GaP . (15) 


E 
Xk +97) 









XO 
Pde 


XK X xX xX xX xX X PL 
\ LJAN / f i \ 


p = arctg =] 5 (16) 
Yk 


and substituting the coordinates of the borehole (12) 
in (15) and (16) we obtain the expression: 


= ae (M FY maxSin a) 
p =arctg Torea ce Se. Oe (17) 
M ( A2) + Aip, Ypa COS X 
p = arctg Hitte] (18) 
rez} max COs a 


Consider the scheme of degassing of undermined 
flat seams by the boreholes drilled from the liqui- 
dated mine working, when mining down-dip (up- 
dip). The parameters of degassing boreholes thus 
define the same as in the previous case. Projections 
of this borehole are shown in Figure 3. 


z A-A 
y max 





Figure 3. The projections of borehole on the planes XOZ , XOY , YOZ in developing the coal bed down-dip (up-dip).. 


According to the scheme shown in Figure 3: 


rez 


cos (y F aL) + l tise COS OL 





Xg =5— (19) 
sin y 


(20) 


XE = Vmax > 
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hrez sin(y Fæ)F lye sind. 


: disc 
SIN W 


Coordinates of the borehole bottom: 





(21) 


a= 


a eM 
(x; (F tgæ)- zp )cos a 
Yk T Ymax (22) 
—Z;M 


(x; (F tgar)— Zp )cos æ 


The length of the borehole for these conditions 
will be: 


ma M?(x,2+2,7] 
a (x; (F tgæ)- Zg y cos” Of 


the angle to the horizontal plane: 


0,5 
+ Yu , (23) 


B=arctg | =e z (24) 


xM? + Vnax (Xp (F tga)—z, y cos? ay 


the angle of rotation: 


i 25 
eG ai A 


Parameters of the boreholes can be defined by the 
formulas (23), (24) and (25) and the formulas (13) 
and (15), (16) using coordinates (22) of the borehole 
bottom. 

Calculation of the amount of methane produced 
from the wells, its concentration in the mixture, and 
the parameters of the degassing system (vacuum in 
wellhead and vacuum pumps, rational diameters of 


Q= arte 
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the degassing pipes) may be determined by the 
method described in (Kremenchutskiy 2012). 


3 CONCLUSIONS 


The method of determination of topological parame- 
ters of the degasification boreholes bottom coordi- 
nates allows, in contrast to the existing, consider the 
height of the uncontrolled rock caving zone and the 
angle of unloading rock from rock pressure. This 
reduces the likelihood of increasing the flow of air 
into the boreholes and the destruction of the well- 
bore when it approached to the stope. 


REFERENCES 


Bondarenko, V., Kharin, E., Antoshchenko, M. 2013. 
Basic scientific positions of forecast of the dynamics of 
methane release when mining the gas bearing coal 
seams. Naukovyi visnyk Natsionalnoho Hirnychoho 
Universytetu, No 5: 24 — 30. 

Degassing of coal mines. Requirements for methods and 
schemes of degassing. SOU 10.1.00174088.001-2004. 
Kyiv: Mintopenergo of Ukraine: 162. 

Kremenchutskiy, N., Muha, O. & Pugach, I. 2012. Degas- 
sing systems rational parameters selection at coal 
mines. The Netherland: CRC Press/Balkema: 87 — 93. 


This page intentionally left blank 


Theoretical and Practical Solutions of Mineral Resources Mining — Pivnyak, Bondarenko & Kovalevska (eds) 
© 2015 Taylor & Francis Group, London, ISBN: 978-1-138-02883-8 


Analysis of current trends in development 


of mine hoists design engineering 


K. Zabolotny, O. Zhupiev & A. Molodchenko 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: This article highlights the key issues of hoisting and identifies the current trends in the design 


of mine hoists. 


1 INTRODUCTION 


Hoists are considered to be the most crucial link in 
mining among all the machinery used in the ore 
mining industry. Emergency situations in the pro- 
cess of operation of hoisting machines do not only 
lead to significant financial losses, but also endan- 
ger people’s lives. For this reason, high require- 
ments to mine hoists (MH) shall comply with the 
special requirements with regard to the technical 
level, quality of manufacture, reliability and safety. 

The practice of using MH provides the constant 
improvement of their performance characteristics, in 
particular, weight-carrying capacity, speed and 
hoisting depth. The reducing of the equipment 
material content by increasing its efficiency, per- 
formance quality and control system reliability is 
very important as well. At the same time, it is nec- 
essary to maintain and even to improve the reliabil- 
ity of the whole hoisting. The solution of this com- 
plex problem is possible only through improving the 
parameters of mine hoisting functional systems, 
including the emergency operation. 


2 ANALYSIS OF CURRENT TRENDS 
IN THE DEVELOPMENT OF MINE 
HOISTS DESIGN ENGINEERING 


Currently the main way to improve the drum hoists 
design is to reduce their size while increasing the rope 
winding surface on the drum. Therefore, M.G. Ku- 
zhel, V.A. Kravtsov, I.P. Kovalevsky, V.V. Roizen, 
the developers of new mine hoists design, proposed 
the following technical solutions: to place the brake 
gear within a drum; to downsize the reversible drum 
by replacing one of the hubs with thrust support 
rollers and equipping the front, shell and flanges with 
box-shaped supports; to use the non-metallic remova- 
ble lining that allows to increase the drum winding 
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surface during operation and improve the rope func- 
tion; to ensure the variable pitch of the rope winding 
(Zabolotny 1997). 

Implementation of the above listed suggestions is 
impossible without proper scientific justification. 
All this can have negative consequences, such as 
unreasonable uprating of the unit metal content, 
unbalancing of the structural solidity, and difficul- 
ties in the mine hoists performance in some cases. 
The latter happened due to the fact that the haulage 
distance of the characteristic points on the surface 
of narrow reversible drums under the internal brake 
exceeded the acceptable distance extremely. Be- 
sides the thrust support rollers blocking and a rope 
in the gap occurred. In addition, an increase in the 
brake actuator upstroking, cracks in flanges and 
forehead took place. 

We will consider the efficiency of the proposed 
technical solutions and the problems having arisen. 

Thus, the desire to combine downsizing and re- 
ducing of a mine hoist mass with its high reliability 
and productivity contributed to the development of 
a new class of DHE (Drum-type Hoist Engine) 
units. The brakes are placed inside the drum in this 
type of machines. 

As opposed to mine hoists with external post 
brakes, where the cylindrical surface of the drum 
includes a winding part and brake fields, the design of 
the proposed hoisting machine allows to use the whole 
cylindrical surface of the drum for rope winding. 

Specialists of NMBP (Novokramatorsk Machine 
Building Plant) decided to make significant changes 
in the design of the drums to implement this idea. 
For instance, whether preliminary the uncoupler 
devise was arranged outside the resettable drum, 
now its tooth wheel rims are attached directly to the 
resettable and fixed drums. At the same time, they 
managed to avoid combined torque impact on the 
shaft of the hoisting machine under the maximum 
static stress of the rope. 


When hoists with a split-type drum and external 
brakes are used, the resettable drum is arranged on 
two shaft bearings that enlarged its winding surface. 
In the new design, the narrow resettable drum is 
placed on the one self-aligning bearing, and thrust 
support rollers are mounted along the perimeter of 
the pipe shell’s forehead. 

Described hoist design modifications were suc- 
cessful. In particular, the machinery foundation was 
simplified, brake installation conditions were im- 
proved, equipment performance was advanced, and 
the usable width and coiling length were increased. 
At the same time, metal consumption of the uncou- 
pler and the size of a drum were reduced, the shaft 
stress was shrunk, the number of assembly units for 
installation on a foundation was cut, the construc- 
tion and installation work volume and hoisting 
down time reduction while replacing a worn out 
machine. Everything mentioned gives an idea of the 
reality to obtain the significant economic benefit. 

We admit that despite a number of advantages 
some significant faults in the parameter calculation 
and in the hoist drums with internal brakes design 
were made at the very beginning. Thus, the calcu- 
lation was made with respect to the rope load only, 
while the load under the influence of the brake in 
general motion may reach 60%. It is necessary to 
consider that during the operation of the drum 
mine hoists with external brakes the load emerging 
under their influence is taken by the forehead in 
the radial direction, i.e. the structure deformation 
due to the surge is equal to the forehead radial 
deformation. In this regard, the designs do not 
provide for the braking field points transposition 
on a substantial distance. 

In the design of a drum with the internal brakes, 
the load emerging under their influence applies to 
the pipe shell extension. Since the value of the pipe 
shell and the forehead bending stiffness is many 
times lower than the forehead radial stiffness, the 
brake load becomes the key parameter in the calcu- 
lation of the braking field points motion distance. 
Under such conditions, the expected drum points 
motion distances exceeded the predicted ones sig- 
nificantly that is peculiar to narrow resettable drums 
under the influence of the internal brake. Conse- 
quently, thrust support rollers freezing and the 
increase of the brake actuator stroke occurred, 
cracks in the rim and forehead appeared. Quite often 
the designers had to increase the drum rigidity by 
means of various types of constructional reinforce- 
ments emergently. Thus, the foreheads with rein- 
forcements in the form of radial fins with the curved 
shape of outer edge and triangular gussets were 
installed on the drum initially. Afterwards the de- 
sign was changed as follows: a box-like section 


partition was attached to the drum edge, and a plate 
stiffener was welded to the rim. Further, the design 
modifications were made. In one case, the stiffening 
ring connecting the pipe shell with the rim disc was 
installed; under the stiffening ring of the drum the 
fins with the width of 50 mm were placed. In the 
other variant the plate stiffeners near to the central 
part of the forehead applied. 

Thus, taking into account the effect of the drum 
points motion on the substantial distances under the 
hoists with internal brake operation, the designers 
were forced to increase the constructional drum 
stiffness by means of introducing the additional 
reinforcements, such as box-like section edges, a 
partition, a plate rim stiffener, a stiffening pipe shell 
ring, fins under the stiffening ring on the pipe shell, 
and plate stiffeners near to the forehead central part. 
Unfortunately, these actions were performed with- 
out a clear understanding of how this complex 
structure would work. In addition, the construction’s 
parameters were not calculated properly being the 
evidence of chaotic attempts to reinforce the drum. 
Under these circumstances, the constructional modi- 
fication was performed on the hoist assembled 
under the ground. This approach helped to achieve 
the necessary drum stiffness, but this construction 
with the overestimated weight was irrational. 

Considering the use of non-metallic removable 
rope tread aimed at increasing the winding surface 
of the drum, we should take into account the usage 
of the hoist unit in difficult geological conditions 
often requires an increase in the drum rope length. 
This can be achieved through the increase of a rope 
diameter and the winding drum surface, and the 
rope pitch. A metal wear plate with spiral slots 
fitting the new parameters of the winding surface is 
used traditionally. The plate is assembled and weld- 
ed to the hoist drum. 

The disadvantages of using the metal plate are as 
follows: 

— reduction in the drum rigidity due to the welded 
joints of the metal plate especially in the maximum 
cross-bending stress zone; 

— absence of coordination in the drum pipe shell 
and the metal plate operation leading to additional 
shear stress in the drum; 

— significant increase in loads that affects the 
hoist joints under the influence of the additional 
weight of the metal plate; 

—difficulties in replacing of the previously 
mounted plate in the operational need. 

In addition to the metal plate, the old design hoists 
were also equipped with the ones made of high- 
impact valuable sorts of timber that is now banned. 
Wooden plates are now used abroad. However, pol- 
ymeric materials are used for this purpose in Sweden. 
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Domestic designers suggested using compressed 
wood, secondary polyamide and other plastics for 
production of the plates for sheaves and drums. 

For example, V.V. Franchuk, candidate of engi- 
neering sciences, developed the combined remova- 
ble plate made of elastic elements that have differ- 
ent values of the elasticity coefficient (polyamide 
and rubber). 

Operating experience of the drums equipped with 
the elastic plate helped to formulate the basic tech- 
nical requirements to the material. It must be wear- 
proof (immediate plate shall not break the mine 
hoist operations down), sufficiently stiff and sound 
(to ensure high quality laying of the rope into the 
drum lining groove), lightweight, simple for me- 
chanical processing, low cost, providing permissible 
contact stress together with the rope that increases 
its lifetime. 

There are two trends in the design of rope drums 
in contemporary mine hoists, namely: 

—foreign manufacturers produce drums with a 
heavy pipe shell (up to 160 mm) and without rein- 
forcements; 

— domestic companies produce drums with a thin 
pipe shell (55mm maximum), but use different 
types of reinforcements. 

Due to the small thickness of the pipe shell, the 
drums of a domestic production are more competi- 
tive. Their weight and metal content are approxi- 
mately 2 — 2.5 times lower. However, the necessity 
to use reinforcements in the hoist drum degrades its 
performance characteristics. 

M.A. Rutkovsky and K.S. Zabolotny developed a 
semi-empirical method that provides the use of an 
analytical model of the axisymmetric shell during 
calculating the profiled pipe shell bend of the mine 
hoist drum to solve this problem. This model has 
equivalent mechanical characteristics. In particular, 
there are factors of coordination with empirical 
data. Simulation of the machine design as a dis- 
crete-continuous interacting system allows defining 
the dependence between its parameters that allows 
achieving the optimal design (Zabolotny & 
Rutkovski 2012). 

Upgrading of the braking system is another cur- 
rent trend in the designing of mine hoists, since 
braking is the most dynamically dangerous mode of 
mine hoists operation. This applies to both the 
operating and safety shutdowns. 

A.P. Nesterov, E.S. Traube, A.G. Stepanov, 
V.I. Belobrov, N.G. Garkusha, A.N. Shatilo, 
L.V. Kolosov, A.A. Belotserkovski and other native 
scientists made a great contribution to the solution 
of this problem. They developed regulatory re- 
quirements and provided the means to insure the 
operational safety of a hoisting unit in case of a 
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breakdown based on the results of the hoisting 
dynamics represented as a multimass system with 
elastic couplings study. Moreover, the traditional 
calculation methods and theoretical study of the 
brake system dynamics to determine their rational 
parameters fall behind practice significantly. Cur- 
rently the dynamics of a hoisting unit under operat- 
ing and safety breakdown is not yet sufficiently 
studied yet, and the methods of calculation of the 
brake heating up and wearing are not sufficiently 
developed (Belobrov, Abramovskiy, Samusya 1990). 

Traditional radial mine hoists brakes with the 
force lever transmission were widely replaced with 
the hydraulic disc brakes in foreign mining compa- 
nies since 1970s. It is not a tribute to fashion, but 
numerous undoubted advantages of the disc brakes 
(Traube & Naydenko 1980). 

Some of them are as follows: 

—an opportunity to achieve a high-rated automa- 
tion of hoisting and, consequently, increasing of its 
productivity; 

— hoisting safety improvement through the use of 
automatically regulated safety braking and high 
stability of braking characteristics; 

— significant reduction in the hoisting downtime 
caused by the brake system breakdowns due to its 
high reliability; 

— improvement of the braking quality and associ- 
ated reduction in dynamic loads that ultimately 
increases the lifetime of the main hoisting unit 
elements (ropes, grips, a mechanical part of the 
hoist, etc.); 

— significant increase in performance by reducing 
the idle time (approximately by 3 times) and the 
action time of the device; 

—improvement in the indicator of the overall 
braking device reliability in case of failure form 
50% (typical for the post brake) to 75% (typical for 
the disc brake) that increases the operational safety 
of the hoisting unit in general; 

— obvious increase in accuracy of a vehicle shut- 
down as a result of good brake performance, and a 
consequent accuracy of the hoisting cycle execution; 

—wide standardization of numerous elements of 
this brake type that makes them suitable for different 
types of a hoisting machines. It is very convenient for 
major mining companies possessing several hoists; 

—higher maintainability due to the presence of 
many elements; 

— opportunity to implement the gravitational de- 
scent mode in conjunction with the automation 
system that allows to lower the vehicle to the bot- 
tom level through partial braking under gravity in 
case of a dump in the actuator of a hoisting unit; 

—higher performance index, ease of setting-up 
and regulation; 


—mutual compensation of forces pressing the 
brake shoes to the disc that helps to avoid the im- 
pact of radial forces on the drum and the forehead; 

—higher compactability and lower weight of the 
disc brake compared to the radial brake (in terms of 
equality of braking torques), and less response time, 
high performance and regulation accuracy of a unit; 

— availability of flat surface of the brake shoe that 
is less susceptible to thermal deformation, and 
therefore, the braking field 1s cooled well through 
convection and emission; 

—almost complete avoidance of the brake disc 
thermal expansion influence on the braking effect. 

At the same time, the use of the disc brake cannot 
ensure safe braking, if the single-stage systems are 
used, so it is reasonable to provide more complex 
braking systems subjected to automatic control 
(Vasil’yev 2012). 


3 CONCLUSIONS 


Design parameters of the mine hoists have under- 
gone significant changes. To solve certain tasks 
connected with safe hoisting, designers have im- 
plemented the following technical ideas: 

— the placement of braking devices inside the drum; 

— the downsizing the reversible drum by replacing 
one of the hubs with thrust support rollers, and 
using foreheads, pipe shells and rims with a box- 
shaped reinforcements; 

—the use of a removable non-metal rope tread 
(plate) to increase the winding surface of the drum 
aiming at improving the rope performance while 
hoisting; 

— the use of a semi-empirical method to determine 
the parameters of the mine hoists for their optimal 
design; 
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— the ensuring the variable pitch of the rope winding; 

—the replacement of the radial drum brakes with 
the disc brakes. 

The hoists designing analysis shows a tendency of 
increasing the winding speed and load-carrying 
capacity as well as reducing the metal content and 
downsizing of these installations resulting in im- 
provement of operating and safety braking. Current- 
ly a lot of foreign and domestic mine hoists manu- 
facturers look to the development and implementa- 
tion of disc systems that provide automatically 
regulated safety brake. 

Determination of the modern trends in the devel- 
opment of hoists control systems being the complex 
electromechanical systems suggests the priority of 
integrated drive control systems as well as applica- 
tion of the principles of fuzzy logic to ensure the 
certain modes of safety brake. 
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ABSTRACT: The peculiarities of coal mining enterprises influence on the state of environment objects was 
analyzed. The results of comprehensive analysis of the levels of waste dumps ecological danger are given. 
The complex of measures targeted on the efficiency improvement of coal wastes treatment on mining enter- 
prises and also on the reduction of their negative influence on the environment. 


1 INTRODUCTION 


The issues of accumulation and recycling of coal 
mining enterprises wastes become more and more 
urgent with every passing day. The average content of 
kibbled waste rock is 110-150 m° per ton of coal 
(for deep mining). Each thousand tones of cleaned 
coal is associated with 100 — 120 m? of waste dumps. 
As a result of long-term coal mining, 8 milliard tons 
of wastes was accumulated as lying on the Earth sur- 
face and representing danger for the environment. 
There are more than 900 waste dumps, and a quarter 
of them is burns actively or has the hotbeds of fire. 
The waste dumps embrace an area of over 150 000 ha 
(The National... 2012, Petrova 2002, Phillip Pack 
2009, Saksin & Krupskaya 2005). 

Most waste dumps are located on open surface and 
thus the bed is affected by the environmental factors, 
particularly by atmospheric precipitation, pressure and 
temperature difference, air mass circulation etc. As a 
result, the gullies, chasms and gaps appear, and the 
waters containing solution of chemical components 
stream down the waste dump surface. The climatic 
changes cause the processes of physical alteration, 
decomposition and biological weathering of beds. The 
loss of solid matter as fine-dispersed particles is ob- 
served. The waste dump is gradually transformed from 
the form of separate pile of bed into the environmental 
component, a source of negative influence on the be- 
havior of physical and chemical, biological and eco- 
logical processes on the site (Koskov et al. 1999, 
Krupskaya et al. 2014, Lubchik & Varlamov 2002). 

The active release of deleterious substances from the 
waste dumps causes the upset of the ecological balance 
on waste dump territories. The uncontrolled changes of 
the waste dumps state, caused by external and internal 
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factors, are the serious problem too. We should point 
out that about 80% of waste dumps passed the stage of 
spontaneous ignition and burning or are currently burn- 
ing. In case of waste dumps open burning the carbon 
oxides and carbon dioxides, nitrogen oxides, sulfur 
oxides and other contaminants are emitted into the 
atmospheric air. (Zborshchik & Osokin 1990, Mat- 
veeva 2007, Zborshchik et al. 1989). 

The water streaming down the waste dumps causes 
the chemicals migration, so the content of the elements 
in the surface layer of waste dumps is mainly ho- 
mogenious and includes the following elements: man- 
ganese, copper, zinc, lead, nickel, and cobalt. Their 
quantity differs significantly in different coal mining 
regions. The water, streaming down the waste dumps, 
percolates through the soil and penetrate the ground 
waters, and change their chemical composition. 

It should be noted that coal mining wastes can be 
mentioned as the anthropogenic deposit, which is 
suitable for industrial development. The utilization 
of industrial wastes enables their quantity decrease 
and additional extraction of useful components, as 
well as minimizing the demand for further mining 
of the definite types of mineral raw materials 
(Zubova et al. 2012). 

The waste dumps on each stage are a source of in- 
creased ecological danger for the environmental ob- 
jects and population health. In addition, the low level 
of utilization of mining wastes and implementation of 
recycling technologies are the obstacle in the way of 
sustainable development of coal industry in Ukraine 
(Pivnyak et al. 2005). That is the reason for the neces- 
sity of the development and implementation of the 
technologies aimed at minimizing of the waste dumps 
negative influence on the state of environment com- 
ponents and population health. 


2 FORMULATING THE PROBLEM 


The storage of coal mining wastes goes with the 
sequential physical and geochemical processes as 
well as environmental discharge of polluting sub- 
stances. In such a case the contamination of the 
atmospheric air, soils, surface and ground water, 
plants etc. takes place. 

The estimation of influence of coal mines waste 
dumps on the environment has some milestones 
with the different approaches to the assessment of 
the environmental threat. 

To prevent rocks from spontaneous ignition and 
control the temperature conditions the temperature 
survey is carried out. Firstly, the technical documen- 
tation is analyzed to study the parameters and indica- 
tors of waste dumps. After the project development, 
the proving grounds are determined and superim- 
posed on the topographic plan. The temperature of the 
rock surface and beds is measured by means of py- 
rometers and drill-rods at the depth of 0.5 — 2.5 me- 
ters. If the temperature at the depth of 2.5 meters is 
higher than 80°C, the waste dump burns, and the 
extinguishing measures should be taken in this case. 

The concentration of carbon oxide (CO), sulfuric 
anhydride (SO), nitrogen oxide (NO,, NO3), and 
hydrogen sulfide (4S) is also measured. 

In addition to the methods mentioned above, the 
estimation of the mining wastes toxicity level is 
carried out. The procedure is based on the ecologi- 
cal and hygienic assessment of the wastes composi- 
tion and properties. The study of the normality of 
the rock properties from the point of ecological and 
hygienic standards is a background of the process. 
This requires the following analyses: 

-the estimation of the waste dumps radiation 
hazard; 

— the laboratory examination of the acute toxicity 
of pulverized coal on rats and the determination of 
the hazard levels by means of the indicators of pero- 
ral and lethal effect; 

—the substantiation of the danger class of coal 
mining wastes based on the maximum concentration 
limit of polluting substances in the soil; 

—the qualitative assessment of the possible pres- 
ence of high-toxic substances, notably compounds 
of heavy metals moving fractions, which are able to 
move in the environment; 

— providing conclusions about the toxicity level of 
coal mining wastes. 

But such an analysis of the rocks toxicity properties 
sets aside the reaction products in the waste dumps 
and appearing in the environment in the form of toxic 
gases, toxic dust, hot steams, acid flow from the de- 
scents surface, as well as the increase of radionuclide 
activity and moving activity of heavy metals. 
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It should be pointed out that the waste dumps are 
the dangerous objects of anthropogenic origin with 
the complicated internal transformations. The nature 
and intensity of the chemical reactions in the waste 
dumps and on their surface reason the danger level 
of coal mining wastes as related to the environment 
and population living not far from the place of stor- 
age. The matters is complicated by the absence of 
clear and reasoned criteria of assessment of the eco- 
logical risks levels for the environmental objects 
(Gorova et al. 2013, Kolesnik et al. 2012, Bori- 
sovskaya & Fedotov 2014). 

Thus there is a need for the development of the 
integrated methodological and theoretical research 
base, which could enable the high degree of assess- 
ment reliability of the environmental objects pollu- 
tion levels in the mining regions. Thus, the specific 
researches are also needed to develop the new and 
affordable technologies, providing the decrease of 
environmental pollution in the areas of mining 
wastes storage without the substantial increase of 
prime cost of coal mining. 


3. GENERAL PART 


The study was conducted on the territory of Chervo- 
nograd mining region (ChMR). The coal has been 
worked for 50 years in the region. Although the coal- 
field occupies the small territory, there are seven 
operating coal mines and two closing ones. Central 
Concentrating Plant (CCP) is also situated in the re- 
gion. The anthropogenic load caused the transfor- 
mation of the landscapes and their components, the 
formation of anthropogenic land forms and transfer of 
large fertile land territories for the storage of coal 
mining enterprises wastes. Three mines are currently 
closed in the region (No 1 “Chervonohradska’, 
“Visean” and No 5 “Velykomostivska’’). “Zarichna’”’ 
mine is going into liquidation. So, the ecological condi- 
tions in the ChMR, as well as in other mining regions 
in Ukraine are very difficult. 

Almost 561.5 ha of lands in region are influenced 
by mining enterprises. Waste dumps cover 137.5 ha, 
which is about 25% of mining lease territory. But it 
should be noted that the waste dumps of the liqui- 
dated mines of No 5 “Velykomostivska” and “Ben- 
diuzka” were not taken into consideration. 

Visual examination of waste banks enabled the 
determination of yellow, white and heat source 
zones. As usual, it is possible to distinguish the local 
zones of rocks oxidation on the waste banks edges 
as there is no temperature rise here. The heat source 
zones are characterized by vapor liberation compris- 
ing water, sulfuric acid, carbon acid gas, and nitro- 
gen dioxide. The combustion process changes the 


rocks mineralogical makeup both in the heat sources 
and out of them. There are specific zones around the 
sources, which contain rocks of the colors form 
natural to brown, covered with yellow sulphate de- 
posit. In the zones distant from primary rocks there 
were the white areas representing the progress of 
white sulphate mineralization. 

During 50-year coal mining in ChMR the mining 
enterprises accumulated more than 37m tons of 
wastes as waste dumps, which cause considerable 
environmental pollution. 

As a result of study of the soils, adjoining the 
waste dumps, it was defined that the soils acidity 
was between 4.6 and 7.4. The pH level means that 
the soils vary from acidic to alkaline types in differ- 
ent points of sight. It is known that in acidic recre- 
ments with pH 4.0 — 5.5, the minerals, containing 
manganese, zinc, chromium, lead and other ele- 
ments, are dissolved by sulphuric acid and move to 
the adjoining territories via surface flow. The high 
level of soil acidity has a bad influence on plants, as 
such elements as iron, aluminum and manganese, 
move into readily accessible for plants fractions, 
and their concentration can reach the toxicity level. 
The excess of such metals breaks carbohydrate and 
protein metabolism of plants, which reduces their 
crop capacity. 

The high level of soil acidity deteriorates its fil- 
terability, capillarity and penetrability. As for the 
other results of qualitative assessment of soils state, 
it should be noted that the soils, adjoining the waste 
banks, are also contaminated by sulphates. The con- 
centration of water-soluble sulphate-ion was _ be- 
tween 518 and 4219 mg per kg, thus, the maximum 
permissible concentration was 3.2 — 26.4-fold ex- 
ceeded. It should be noted that the manganese and 
cobalt content was according to the standard for the 
mine “Velykomostivska” except some points of 
sight. The chloride content in the samples from the 
mines denoted the salinity, which has also a bad 
influence on plants. 

Analyzing the results of radioassay of equivalent 
dose rate of external gamma radiation on the ChMR 
waste dumps, it was stated that permissible level 
was not exceed. 

The process of waste dumps spontaneous ignition is 
a serious threat for the region. According to the offi- 
cial statistics the waste dumps in the ChMR do not 
burn, but the temperature survey, carried out in 2014 
(December), showed the heat sources in waste dump 
of “Chervonohradska” mine; the average temperature 
at a depth of 0.5 m was 75°C; the atmospheric tem- 
perature was +2°C. In recent years, the zones with a 
temperature of 128°C were observed in the inactive 
waste dump of the closed “Visean” mine. 
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The region accumulates not only the coal mining 
wastes, but also the coal cleaning wastes. The waste 
dump of CCP occupies the largest territory among 
the waste dumps; it has an area of 89 ha and is 68 m 
in height. The waste dump is harmful for the envi- 
ronment as the heavy metals content exceeds the 
maximum permissible value (MPV) significantly. 
E.g.: the excess for lead is 45.5-fold (MPV is 6 mg 
per kg), for copper — 81.3-fold (MPV is 3 mg per 
kg), for nickel — 19.8-fold (MPV is 4 mg per kg), 
and zinc — 31-fold (MPV is 2 mg per kg (Baranov 
2008). Moreover, the heat sources are observed too. 

The deformation processes, observed on the waste 
dumps of mines, are characterized by the formation 
of gullies in different waste bank zones; the rocks 
move down through them at a distance of up to 6 m; 
the width of gullies range from 2 to 4 m; the depth — 
from | to 3.5 m. 

The average composition of waste dumps is as 
follows: 67% of argillites, 20% of siltstone, 10% of 
sandstone, 3% of coal and coaly rocks (sapro- 
pelites). The rock is represented by fragment and 
grained components of red, grey and black rock 
with fragment size of 150 — 200 mm. The 61% of 
waste dumps of red and grey colour is comprised of 
noncombustible rock (Knysh 2006). 

More than 70% of wastes in waste banks are 
comprised of argillites with the property of heavy 
metals entrapping (Li, V, B, P, Zn, Pb, Bi, Co), as 
well as Hg and As (as a result of high content of 
sulphide sulphur (pyrite). The high content of sul- 
phur in the waste dumps promotes the formation of 
aureoles of acidic waters at the foots of waste banks. 
In addition, the waters, accumulating at the foots of 
waste banks, are comprised of calcium, magnesium, 
iron, fluorine, manganese etc (Knysh 2006). 

The results of chemical analysis of water from the 
foot of the waste bank show its unsatisfactory state. 
The studies demonstrate that the migration of harmful 
substances from the waste bank surface takes place; 
further it is preceded by groundwater flow and causes 
the contamination of soils and groundwater. 

To evaluate the toxicity of water from the foot of 
the waste bank we used the growth analysis with the 
application of Allium cepa L bioindicator. The ad- 
vantage of the test is that it allows the assessment of 
water-soluble components of water assays. The test 
is easy to carry out and responsive to the general 
water toxicity. The level of inhibition of Allium 
cepa L. rootlets growth is an indicator of toxicity, as 
it known that the process is inhibited in case of less 
concentration of toxicant than plants germination 
(Rudenko et al. 2003). 

Twelve test tubes were prepared for each water 
sample, and then they were filled with 25 ml of 


water specimen. The prepared and peeled onions 
were placed on the top of each test tube in such a 
manner that the bulb stem touched the liquid. The 
water in the test tubes was changed every day. After 
two days of the experiment the two bulbs with the 
shortest rootlets were removed from each variant. 
The experiment lasted for 72 hours. Then the root- 
age length of 10 bulbs was measured (the shortest 
and the longest rootlets were not taken into consid- 
eration). So, 12 bulbs were couched for each sam- 
ple; from 4 to 30 rootlets of each onion were meas- 
ured. The truth of each trial was approved by triple 
reproduction for 48 test tubes on all study stages. 

The results of the research were processed by 
means of mathematical-statistical analysis; the 
arithmetical mean accuracy and Student’s coeffi- 
cient were also calculated. 

Phytotoxic effect (PE), namely degree of oppress- 
ing of growth processes was determined in percents 
in relation to control (by mass and by sprouts or 
roots length of test-culture) according to the formula 
(Bilyavskiy & Butchenko 2006): 


pr ae — 4106 %, 


Mo 


(1) 


where m, — mass or length of sprouts (root or above- 
ground part) in control; m, — mass or length of 
sprouts in variants of research. 

The following estimation scale was used for the 
determination of water samples toxicity by means of 
growth analysis, Table 1 (Rudenko et al. 2003). 


Table 1. Scale of assessment of water toxicity level. 


Phytotoxic effect, % The toxicity level 


0 — 20.0 No or weak toxicity 
20.1 — 40.0 Average toxicity 
40.1 — 60.0 Above average toxicity 
60.1 — 80.0 High toxicity 
80.1 — 100.0 Maximum toxicity 


The results of study of morphological changes of 
phytoindicators under the conditions of water toxici- 
ty assessment in 2014 are tabulated in the Table 2. 


Table 2. The indicators of phytoindicator Allium cepa L rootage length, which was raised on the water assays sampled at 


the foots of waste banks, 2014. 


Sampling place 
“Velykomostivska” mine 
“Chervonohradska” mine 
“Lisova” mine 
“Zarichna” mine 
“Nadiya” mine 
Mine No 5 “Velykomostivska’’** 
— waste dump with fused rock (red) 
— waste dump with unfused rock (black) 
CCP 
Check (settled tap water) 


Average length of rootage, x +m The truth of trial, t 


1.75 0.1 2595 
1.59 + 0.08 4.98 
0.33 + 0.02 16.3 
1.76 + 0.09 3.61 
2.18 + 0.1 0.78 
0.61 + 0.03 13.98 
0.36 + 0.05 15.06 
x x 
23 £012 — 


* the growth processes are not observed for all samples; ** closed mine 


The obtained data demonstrated the proven toxic 
effect of water from the foot of the waste bank on 
the growth processes of Allium cepa L rootlets for 
all samples. The samples from “Nadiya” are the 
exception to the rule. It is established that all the 
processes of growth of bioindicator rootlets are 
inhibited in all points of sight; this denotes that wa- 
ter from the foot of the waste bank has toxical prop- 
erties. The highest levels of rootage inhibition were 
observed for the samples from the foot of CCP 
waste dump, as there were no growth processes in 
the samples. As for the other samples, we can state 
that the levels of rootlets growth inhibition of the 
bioindicator were 7-—1.1-fold different from the 
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check sample ones. So the highest level of growth 
processes was observed for the samples of water 
from the foot of the waste bank from “Nadiya” 
mine, and the lowest — for “Lisova’” and No 5 
“Velykomostivska” mines. As for the samples from 
“Nadiya” mine, they were not different from the 
check samples, as the growth rate in the samples 
was the same as for the check samples. 

It should be noted that the development of herb- 
age of indicator plants from samples was almost not 
observed. The results of the determined toxicity of 
water from the foot of the waste bank, sampled at 
the foots of waste dumps from Chervonograd min- 
ing region in 2014 are tabulated in the Table 3. 


Table 3. The toxicity levels of water from the foot of the waste bank, 2014. 


Sampling place 


“Velykomostivska” mine 
“Chervonohradska” mine 

“Lisova” mine 

“Zarichna” mine 

“Nadiya” mine 

Mine No 5 “Velykomostivska” 

— waste dump with fused rock (red) 

— waste dump with unfused rock (black) 
CCP 


As a result of data analysis (from Table 3), it 
was stated that the value of phytotoxic effect range 
from “low” for “Lisova” and “Nadiya” mines to 
maximum for “Lisova”, No5 “Velykomostivska” 
mines and CCP. The toxicity level is proved by the 
chemical diagnosis of water from the foot of the 
waste bank. 


The levels of rootage inhibition 


of bioindicator, % PHOTONIC eve! 
24 average 
31 average 
86 maximum 
18 low 
5 low 
T2 high 
85 maximum 
100 maximum 


So, the waste dumps belong to the most hazard- 
ous anthropogenic objects of the territories of min- 
ing regions in Ukraine. They cause permanent con- 
tamination of the natural environment objects. The 
study enables us to distinguish a range of ecological 
risks for the biota, including humans, on the territo- 
ries of mining wastes storage (Figure 1). 


ECOLOGICAL CONSEQUENCES OF COAL MINING WASTES ACCUMULATION 


Microclimate changes 
Background radiation 
chan 


Land capacity decrease 


Deformation of waste dumps surface 
Change of rocks blend composition 





Accumulation of toxic 
substances in plants 
Crop yield decrease; 
Decrease of population 


Contamination of sur- 
face bodies of water 
Groundwater contami- 
nation 


COMPLEX CONTAMINATION OF ENVIRONMENT AND DETERIORATION OF 
POPULATION LIVING CONDITIONS IN COAL MINING REGIONS 


Figure 1. Ecological consequences of coal mining wastes accumulation on the earth surface. 


It should be noted that wastes of coal mining en- 
terprises are not only a source of negative influ- 
ence on the environment, but also the considerable 
raw material for different branches of national 
economy. That is the reason for the researches of 
the ways of wastes utilization in the production 
process of construction materials for industrial 
engineering, reconditioning of roads and for goaf 
stowing of mining enterprises (Buzylo et al. 2014, 
Knysh 2006). As a result of waste dumps recy- 
cling, the coal, chemical elements and other asso- 
ciate mineral deposits can be attained. 
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In order to increase the efficiency of management 
of coal mining enterprises wastes the following 
items should be provided: 

—the count of the inventory and certification of 
coal mines and dressing plants wastes; 

— the development and implementation of innova- 
tive assessment for contamination risks of environ- 
ment for the purpose of the protection of population 
health in the coal mining regions; 

— the improvement of sanitary rules for the treat- 
ment of coal mining wastes; 

— the decrease of the environment objects contam- 
ination risks of the territories of wastes storage by 


means of technological land restoration with the 
application of naturally occurring materials; 

— the creation of safety shields for the protection 
of the territories, adjoining the waste dumps, from 
the leakage of the contaminated water into the soils 
and groundwater; 

—the improvement of the technology of ecologi- 
cal danger class assessment of the coal mining 
wastes by the application of highly-sensitive meth- 
ods of bioindication and biotesting; 

—the determination of danger class according to 
the standard and innovative methodology; 

—the development of electronic passports of 
wastes location, which contain the information 
about the waste dumps parameters, useful compo- 
nents content, as well as the levels of environment 
objects on the adjoining territories; 

— the development of wastes detoxing technology 
for wastes of coal mining industry using the natural- 
ly occurring materials; 

— the processing of waste dumps, as anthropogenic 
deposits, by means of useful components extraction. 


4 CONCLUSIONS 


As based on the carried out researches, the peculi- 
arities of external and internal physical and chemi- 
cal transformations in the waste dumps of coal 
mines are studied. It was distinguished that the 
waste dumps comprise high-level danger for envi- 
ronment objects and population health without ref- 
erence to the stage of existence. 

As a result of bioindicative tests the levels of the 
toxicity for the water sampled at the foot of waste 
dumps of coal mines, both operating and liquidated. 

The complex of measures targeted on the de- 
crease of negative influence of waste dumps on the 
environmental state and population living conditions 
in the coal mining regions. 

The results of long-term studies enables the de- 
crease of truth of trial for the assessment of contam- 
ination levels of environmental objects in coal min- 
ing regions and the decrease of the efficiency of the 
treatment system of coal mining enterprises wastes. 
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ABSTRACT: Training of highly qualified personnel at Higher Educational Institutions will be incomplete if 
students (bachelors, masters and doctors) don’t have the opportunity to test modules of technological and 
production processes, as they would not be able to determine the structure and parameters of these processes 
via control channels and estimate the equation of relationship of input and output coordinates graphical- 
ly/visually, consequently, such personnel cannot operate (manage) production, much less create and design 
new more efficient technologies and control systems thereof. Modern supervisory control and data acquisi- 
tion systems (SCADA) — allow developing virtual models of different complexity most closely resembling 
actual technological and production processes, controller management of such processes, visualization and 
opportunity of testing parameters changes of technological processes in real time mode for use in corre- 
sponding training researching in major technical specialties at HEI. This article considers the research of 
complex structured blocks in quarry conditions, development of software hardware complexes for determi- 
nation of internal structure of debris and their rock processing characteristics, parameters of drilling and 
blasting operations, and visualization in real time mode of rock mass with different blasting parameters 
based on modern SCADA systems. 


1 INTRODUCTION hardware modules with integrated SCADA system, 
based on parameters of charges placing within the 

Many works are dedicated to the research of various complex structured block, aggregated rock disposi- 

aspects of open cut complex structured mining of tion of complex structured blocks within the debris 

non-ferrous metal ore, noble and rare metals. They taking into account their mine processing character- 

emphasize the role of blasting operations in _ istics remains relevant (Rakishev et al. 2013). 

achievement of required breaking quality and ar- 

rangement of aggregated ore in debris. However the 

relationship between initial geological and morpho- 2 MAIN PART 

logical data, parameters of blasting charges location, 

technology of blasting operations and their final ree 2.1 Method description 

sult in these sources is not yet disclosed which re- 

quires corresponding research. 

During the blasting operations in quarries frag- 
mentation of rock mass takes place which leads to 
the transformation of internal structure of the sec- 
tion. Depending on parameters of blast-hole charges 
placing within the mass, sequence of their initiation 
and blasting method different results can be 
achieved in the specified aspect. 

Effective exploitation and rational utilization of 
mineral resources is based on identification of a 
consistent pattern of natural resources disposition 
within the mass and debris, operating control of 
processes that ensure stable quality of ore mining. In 
connection therewith development of software 


Today the issue of development of an automated 
system for the calculation of blasting operations pa- 
rameters and engineering of large-scale blasts, as 
well as automated data analysis systems on the 
structure and mechanical properties of the breakable 
medium is quite relevant. For that purpose the sys- 
tem of computer modeling of mining technology fa- 
cilities has been developed in the Unity Pro soft- 
ware environment and on the basis of this system, a 
computer technology of automated calculation and 
designing of open large-scale blasts of any complex- 
ity, based on modeling of mining technology facili- 
ties, interactive graphics, computerized means of 
processing results modeling and generation of de- 
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sign drawings and technical documentation. Main 
advantage of this technology is the systematic ap- 
proach in solving geological, surveying and techno- 
logical tasks, providing implementation of software 
designing means within the consolidated infor- 
mation area of mining enterprise. 

Software package can be a part of automated con- 
trol system of technological process, scientific ex- 
periment, production process etc. Software can be 
installed on computers. Programmable logic con- 
trollers PLCs, input-output drivers or OLE (Object 
Linking and Embedding) for Process Control/Dy- 
namic Data Exchange (OPC/DDE) servers are used 
for connection with the facility. Program code can 
be written in programming language, as well as 
generated within the designing environment. 

This software package solves the following tasks: 

— data exchange between “facility connection de- 
vices”, (i.e. with controllers and input/output 
boards) in real-time via drivers; 

— data processing in real-time; 

— logic control; 

— information display on monitor in a simple and 
user-friendly form; 

-real time database management with technolog- 
ical information; 

— alarm signaling and alarm messages control; 

— preparing and generation of reports on the tech- 
nological or production workflow; 

— providing communication with external applica- 
tions (database control systems, electronics work- 
sheets, word processors etc.). 

In the enterprise management system such appli- 
cations most often are applications referred to the 
level of Manufacturing Execution System (MES) — 
specialized application software intended to solve 
tasks of synchronization, coordination, analysis and 
optimization of product output within a production 
framework (Adambaev & Auezova 2013a). 


2.2 The analysis of recent researches 


The performed analysis of scientific and technical 
literature and experience of foreign mining enter- 
prises show that during exploitation of complex 
structured deposits by open-cut mining not only 
high duty work of excavation and loading, trans- 
porting and breaking machinery depend on the re- 
sults of blasting preparation for the excavation but 
also quantitative and qualitative loss of natural re- 
sources. Blasting preparation of complex structured 
blocks for excavation should meet the following 
requirements: 

—provide required technological parameters of 
shot pile; 
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— provide even qualitative shattering of blasted 
rock mass, which predetermines the scope and qual- 
ity of complex selection; 

—provide minimal shattering mixing during the 
blast of various sorts of ore and with barren; 

—to shape the ore body (inclusions) within the 
debris suitably for isolated excavation incurring the 
least qualitative and quantitative loss. 

Therefore, the objective of this work is develop- 
ment of software and hardware complexes to design 
parameters of drilling and blasting operations, visu- 
alization of debris models of blasted rock mass un- 
der different blasting methods in real-time; forecast- 
ing distribution of aggregated rock of complex 
structured block in debris. Working out of recom- 
mendations on quantitative and qualitative loss min- 
imization during development of complex structured 
blocks. Moreover, as a rule, it is inaccessible to 
watch real experiment at production filed, while 
there is an opportunity to restart the same experi- 
ment several times on a virtual stands in real-time 
with changed parameters and compare the results. 

Despite unyielding searching of scientists and 
production workers no adequate alternative to the 
drilling and blasting method of preparation for half- 
rock and rock formations extraction at mining en- 
terprises have yet been discovered. First of all this is 
stipulated by its indisputable technological and cost 
effectiveness. 

At the same time the issue of shattering quality 
control of rock mass under the conditions of more 
common vertical bore-hole charges remains rele- 
vant. A need for scientifically based choice of pa- 
rameters for placing of explosive within the blasting 
mass, and technologies of their blasting fully corre- 
sponding to the natural properties of the rock mass, 
and forecasting technological parameters of blasted 
rocks is arising. The above specified tasks can be 
solved with the help of gradual rock bench breaking 
method when blasting bore-hole charges, developed 
by B.R. Rakishev (Rakishev 2006). 

Explosive calculation is carried out based on the 
maximum filling up principle of the bored hole vol- 
ume with the explosive. Construction of charges and 
its shape significantly affect the duration of explo- 
sive pulse effect on a mass. When applying decked 
charge with air gap, blocking of detonation products 
of the main charge takes place, which increases the 
duration time of blast effect on to a mass. However 
there are no scientifically based recommendations 
on this matter. 

Application of charges of variable diameter allows 
for more even distribution of explosive energy within 
the blasting mass. However no working constructions 
of such drilling means have yet been developed. 


During delay-action blasting bore-hole charges are 
blasted in a sequential order with set delay intervals. 

Effectiveness of delay blasting application de- 
pends on the adequate choice of delay interval, pa- 
rameters of bore-holes spacing and selection of ini- 
tiation pattern. The interval of decked charge blast- 
ing is one of the most crucial parameters of blasting 
operations. Adequately selected delay interval al- 
lows improving rock breaking, decreasing seismic 
impact of the blast, obtaining desired profile of rock 
mass debris, preserving geological structure of the 
mass to minimize loss and contamination of ore, 
lowering the air blast and cutter break into the rear 
area of the mass. The interval of delay action blast- 
ing effect on different blasting indices is interde- 
pendent. Thus, when the blasting energy release into 
the seismic wave is lower, the quality of breaking is 
higher (Rakishev et al. 2014). 

Empirical dependencies contain coefficients, ap- 
plication of which gives only approximate values of 
the interval. The disadvantage, to our opinion, is 
that many authors define delay intervals in isolation 
from blasting results, 1.e. scope of destruction, ener- 
gy release into the seismic wave etc., which, first of 
all, depend on the parameters of the pattern of holes, 
physical and mechanical properties of the rock. 

The performed analysis proves that the problem 
of parameters substantiation of bore-hole charges 
disposition within the mass requires thorough theo- 
retical working out. Practically it has been discov- 
ered that for higher efficiency, convenience and ac- 
curacy of experiment conduction it is more reasona- 
ble to use possibilities of virtual stand, as virtual ex- 
periments allow replacing physical experiments, 
while at the same time keeping virtual process in 
line with the real technological or production pro- 
cess to the limit. 

Taking drilling and blasting (D&B) parameters 
calculation method as a basis, based on accounting 
of physical and mechanical rock properties and det- 
onation characteristics of explosive, rational param- 
eters of D&B can be established without resort to 
real experiment. Whereas this will allow improving 
training of highly qualified personnel at Higher Ed- 
ucation Institutions (Rakishev et al. 2013). 

Integrated SCADA-system includes a complex of 
software means for organization and conduct of au- 
tomated measurements, processing and presentation 
of measurement data, storing measurement results in 
the database, generation of reports on research re- 
sults, visualization of the process under research in 
real-time. 

Software and hardware complex of automated de- 
sign system of D&B calculation is demonstrative, easy 
and has a user-friendly interface. Program of the au- 
tomated D&B design system allows quick calculation 
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of parameters for D&B for bore-holes drilling pass- 
port/certificate and designing of large scale blasts un- 
der certain production conditions, as well as to visual- 
ize D&B results and generate recommendations on 
minimization of qualitative and quantitative loss. 

Opportunities of integrated SCADA-systems are 
vast, except for libraries of different devices applied 
directly to a software environment; they also enable 
creating facilities randomly of any complexity, pro- 
graming principles of various process operation and 
virtual launching in real-time, taking into account 
all factors of the process under research. 


2.3. Algorithm description 


Block-diagram of the program shown on Figure 1. 

Program specification: 

1. Start. 

2. Input of initial data: py — rock density, kg/m’; 
c — sound velocity in rock, m/s; v— Poisson’s ratio; 
o.— ultimate compressive strength, Pa; o, — ultimate 
tensile strength, Pa; p.,— explosive density, kg/m’; 
D — detonation velocity, m/s; H-— blasting block 
height, m; dọ — borehole diameter, m; p — capacity 
of borehole length unit, kg/m. 

3. Calculation of: P. — environment strength char- 
acteristic, Pa; P;— initial pressure of detonation 
products, Pa. 


4. Calculation of: 7,,, — relative maximum radius 


of cavity; 77, — Maximum radius of cavity, m; 72 — 
radius of fine breaking area, m; 7; — radius of radial 
fracture area, m. 

5. Calculation of: W — line of resistance along bench 
toe, m; a-— distance between holes, m; ag— distance 
between columns of holes, m; A; — loaded length above 
grade of bench, m; l — length of uncharged section of 
hole, m; /, — length of hole sub drilling, m. 

6. Calculation of: /;— charge length in a bore- 
hole, m; /;— borehole depth, m; Aint — length of in- 
terval between parts of the charge, m; n — number of 
charge units. 

7. Calculation of: Q — mass of charge in a hole, kg; 
u — borehole walls travelling velocity, m/s; t — slowing 
down time, s; qe — specific charge of explosive, kg/m’. 

8. Calculation results and bench visualization are 
displayed. 

9. End. 


2.4 Program interface description 


Designing of Automated process control systems us- 
ing integrated SCADA-system Unity Pro (Schneider 
Electric), supposes use of project browser, which is 
intended for developing project’s structure and 
mathematical base for data processing and control. 
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Figure 1. Block-diagram of the program. 


Use of data presentation processor is designed to 
develop graphical component of the project. Appli- 
cation of latest information technologies and pro- 
gram products, which enable successful use of ap- 
plied approaches in industrial facilities identification 
of various classes with algorithms of their implemen- 
tation for obtaining not only qualitative but quantita- 
tive models of facilities under research, increases 
control effectiveness of complex industrial facilities. 

Unity Pro — is a software environment for config- 
uring, programming, debugging and diagnosing of 
executive system of Modicon industrial controllers 
produced by Schneider Electric: Modicon M340, 
TSX Premium (including Atrium) and Quantum. 
Uniform software environment — “all in one”, 5 lan- 
guages of International Electrotechnical Commis- 
sion standard (IEC) 61131-3, embedded adaptable 
Derived Function Block (DFB), simulator of Pro- 
grammable Logic Controller PLC on a personal 
computer for programs debugging, embedded diag- 
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nosis, complete set of online services (Adambaev & 
Auezova 2013b). 


2.5 Computer aided automated design 
of D&B program 


A project in the Unity Pro environment should be 
created, then a configuration of Modicon M340 con- 
troller with PLC BMX P34 2020 processor, a dis- 
crete module DDM 3202K should be added into the 
1 slot, discrete module DDO 3202K — into slot 2, 
analogue module AMI 0410 — into slot 3, analogue 
module AMO 0410 — into slot 4. Controller configu- 
ration window is shown on Figure 2. 

Reset of words on internal memory %MWI at 
“cold” start. 

Number of internal bits % M — 512. 

Number of words on internal memory %MW — 1024. 

Number of constant words %KW — 256. 


Unity Pro XL: BVR® - [PLO bus] 
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Figure 2. Controller configuration window. 


Calculation is made based on example of diorite 
porphyry of Sarbaiskoe minefield. 
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All data is entered into the symbolic table of vari- 
ables shown on Figure 3. 





Variables | DDT Types | Function Blocks | DFB Types | 


T| % | Name eI —— 


2 2 a (P) (P) : BMX CPS 201 Ba REAL %MW22 DACCTORHME MEXDy CKBaXMHEMM 
fits i 0: BMX P34 2020 ® ad REAL 
‘eer r 1: BMX DDM 3202K © ap REAL MW24 DaCCTORHME MEX DY PADAMM CKBaKMH 
ee Ñ 2: BMX AMI 040 ® b1 REAL MW? NpeLen NpoYyHoOcTH Ha CKaTHE 
2 Bcc r 3: BMX AMO 0410 © b2 REAL “MWS NPEJEN NPOYHOCTH Ha PaCTAXEHHE 
Bec | @c REAL MWE CKOpOCTe 3EYKA B NOpoge 
o T l A Hi 5 6 REAL ZMwW18 CKOpOCTb AETOHALPH 
ERE Pi 5 ® dO REAL “MW14 OMaMeETp CKBEDKMHbI 
eae Hog z © r | EBOOL 
ae i Dersi kita Typi © H REAL =| %MW10 BbICOTa yCTyNa 
cass H Derived FB Types ® h3 REAL EMW12 ONMHa 34P AMA Had YPOBHEM NOLOWEb! yCTyNa 
FE}, Variables & FB instances © h30 REAL 
a wae @ Elementary Variables © hp REAL ZMW26 ANAHE BOSAYWHOTO MPOMEXYTKA 
Ervvnene @® Derived Variables © hpl | REAL 
Eocene BW 10 Derived Variables © Li REAL ZMW28 ANAHA 3apAAA B CKBAXHMHE 
i. $È Elementary FB Instances e REAL ZMW30 ANVHA HESApAXEHHOÑ YaCTH CKBaKHHbI 
Figure 3. Symbolic table of variables. 
Next window on Figure 4 shows working filed of | compression strength o,, Pa; ultimate tensile 


the program of automated D&B designing. 

Once the program is started next window is 
opened and corresponding data entry should be per- 
formed: rock density po, kg/m°; sound velocity in 
the rock c, m/s; Poisson’s coefficient v; ultimate 


strength o,, Pa; density of applicable explosive; p,, 
kg/m*; detonation speed D, m/s; bench height H, 
m; borehole diameter dọ, m; capacity of borehole 
length unit p, kg/m. Data input window is shown on 
Figure 5. 
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Unity Pro XL: BVR* - [secl : [MAST] 
tol File Edit View Services Tools Build PLC Debug Window Help 
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Project B 2) 
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Bg 0:PLC bus 
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3 Elementary FB Instances 
-$Œ Derived FB Instances 
p Motion 
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Ey Program 
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Bey MAST 
FE) Sections 
ng [iB] sect 
; 6 sec2 
Li) s 
iy sec4 
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B- Events 
-B Timer Events 


Pc:=b1*(((p0*c*c/b1))**0.25); Pn:=1.0/8.0*pbb*D™*2; 


rotn:=(Pn/Pc)**0.25; 


OPERATE OPERATE 
12:=1*(((p0*c*cV(5.0*b1))**0.5); r:=(d0/2.0)*rotn; 
OPERATE 
r1:=(b1/b2)*(r2*(v/(1.0+v))); 
OPERATE OPERATE 
W:=((H/10.0)**0.5)*(3.14*r1 ¥2.0**0.5; a:=(H/10.0)**0.25*2.0*r1; 
OPERATE 
L2:=0.3*H+r2; 
OPERATE 
Le:=H+Lp; 


OPERATE 
n:=(H+Lp-L2)/(15.0*d0); 





OPERATE 
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E- Animation Tables h3:=0.7*H-12,; 
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a {J Operator Screens 4 
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Figure 4. Working filed of the program in LADDER (LD) language. 
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Figure 5. Data input window. 
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Once all data entry is complete it can be changed, or lation can be made again by pressing “start again” op- 
calculated, by pressing corresponding button “Data en- tion or any data can be changed, shown on Figure 6. 
tered”. As a result we see a program window display- Data can be entered via animation table. Dis- 
ing all results; contours of the mass are drawn in com- played results are also registered in animation table 
pliance to the calculating parameters. After that calcu- and are changed in real-time as shown on Figure 7. 





Unity Pro XL : BVR* - [Screen1] = 
® File Edit View Services Tools Build PLC Debug Window Help =- | & |x 
ee Ble PU Bis |e AEAT Fi e| | | |S, ||| BO || ee 
BNOOv4aAnE MORAD®@ As ; img na n lD BIE R A A 
Project Browser 33) 


Eg Structural view 
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Figure 6. Results display window. 
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=|) Variables & FB instances 1.900000E+008 REAL npeaen npoyHocm™ Ha cxame 
@ Elementary Variables 1.600000E+007 | REAL npezen NpoOuHOCT Ha pactsKeHne 
@ Derived Variables 5100.0 REAL CKOpOCTb 38YKa B NOpoAE 
10 Derived Variables 4000.0 REAL CKOpOCTh Ac TOHaLIMK 
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Ey Program 7.002398 REAL ANMHa HeESapsXKeHHOM 4aCTM CKBa&KMHBI 
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(DD SR Sections 8.429405E+008 REAL NPOYHOCTHAR XapakTeEpMcTMKa Cpembi 
B-E Events 2.559132E+009 REAL HaYaANbHOE AABNEHKE NPOAYKTOB AETOHALMN 
i È Timer Events 421.4018 REAL Macca sapaga B CKBa&KMHE 
Ir I/O Events 0.3976124 REAL yaenbubm pacxog BB 
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p Screen2 1 BOOL 
vs È Documentation REAL BDEMA OTDbIBAa NMDEAbIAVHETO CNOA OT MaCccuBa 
a m Table1 








Figure 7. Animation table of results display. 
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Test results agree with the results of control ex- 
periment which proves program operating efficiency 
and its applicability. 

Numerous scientific and technical literature ad- 
dresses mostly only some specific issues and is lim- 
ited by general reasoning based on complex mathe- 
matical arguments and calculations, which are diffi- 
cult to follow by the students, and do not provide 
any specific recommendations regarding practical 
application thereof, as well as any demonstration of 
real production processes and impact of some pa- 
rameters changes in real-time onto the end results 
(product). In this regard, development of virtual 
models in the integrated SCADA-system, simulat- 
ing real technological and production processes, 
controller management thereof, visualization in real- 
time is a necessary requirement when researching 
modern processes. 


3 CONCLUSIONS 


1. Research and development of software package 
of drilling and blasting operations parameters de- 
signing, visualization of rock mass models under 
various blasting parameters in real-time. 

2. Forecasting displacement of aggregated rocks 
of a complex structured block in the debris. 


192 


3. Recommendations development on minimiza- 
tion of qualitative and quantitative loss when mining 
complex structured blocks. 
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The level of atmospheric pollution around the iron-ore mine 


I. Myronova 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: Calculation of ecologically harmful substances diffusion into the atmosphere from ventilation 
shaft of iron-ore mine that situated within city is executed. Isolines of near-the-ground concentrations of total 
impact of ecologically harmful substances around contamination source that change with distance increasing 
from ventilation shaft on exponential dependencies are given. Empiric formula that allows to determine near- 
the-ground concentration of total impact of ecologically harmful substances with taking into account explo- 
sive ratio and distance from emission source is established. 


1 INTRODUCTION 


Mining industry of Ukraine has powerful mining 
potential and take one of the leading place between 
European Union countries on iron-ore extraction. 
Ukraine is entering to the number of leading mineral 
raw countries of the world, that occupies only 0.4% 
of land and has 5% of mineral raw potential in own 
interiors. In Ukraine surveyed 49 iron-ore deposits 
with total stocks of 28 billion tons that is equal to 
8 — 9% of the whole world ones. 

The most significant iron-ore deposits of Ukraine 
are following: Kryvorizhskyi iron-ore basin, Kre- 
menchuhskyi iron-ore region, Bilozirskyi iron-ore 
region, Prydniprovskyi iron-ore region, Odesko- 
Bilotserkivskyi iron-ore region and Kerchensky1 
iron-ore basin. At present time, iron-ore deposits of 
Kryvorizhsko-Kremenchuzka zone (basin) are 
mined by underground and open-pit methods and 
Bilozerskyi iron-ore region is mined by under- 
ground method. 

With the purpose of decreasing negative influ- 
ence on environment during blasting, all quarries 
are transited on emulsion explosives. It is well- 
known that during blasting of one kilogram of 
emulsion explosives into the air release only 20 
liters of gas, that is almost in 14 times less than 
during usage of trotyl-contain explosives. On 
underground operations in iron-ore mines usage of 
without trotyl-contain explosives is equal to 3%, 
that because of development of technology of 
underground mining operations conducting and 
charging machines for emulsion explosives usage. 
That is why nowadays on Ukrainian iron-ore 
mines is still using trotyl-contain explosives. Dur- 
ing blasting of 1 kilogram of trotyl precipitates 
275 liters of toxic gases in the air (Pozdnyakov & 
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Rossi 1977). After blasting conducting, that con- 
nected with underground mining operations, waste 
air releases into the atmosphere through ventilation 
shafts without clearing. It is related to the fact that 
at present moment does not exist effective devices 
and treatment facilities for gas collecting and 
cleaning, that release onto the surface in signifi- 
cant volumes. Depending on mines and ventilation 
shafts situation, return ventilation air negatively 
impacts on environment objects, human health and 
biota that grow on contiguous to enterprise area 
(Saarkoppel 2007, Dzhuvelikyan 2002). 

Deterioration of nature quality condition in the 
places of mining enterprises location causes necessi- 
ty of search ways and method for negotiation of 
negative consequences of people intrusion in nature 
systems functioning. That is why for increasing 
ecological safety level of underground mining pro- 
cesses of iron-ore extraction it is necessary to estab- 
lish regularities of dispersion of iron-ore releases 
dispersion into environment. 

The main purpose of work is examination of at- 
mosphere air condition in places of underground 
extraction of iron-ore enterprises within the city. 
That is why industrial site of mine “Nova” LLC 
“Vostok-Ruda” and contiguous to it area is actual 
polygon for air condition research conduction. 


2 MEASUREMENT OF ECOLOGICALLY 
HARMFUL SUBSTANCES 
CONCENTRATION 


Zhowtorichenske iron-ore deposit, where working 
“Nova” mine LLC “Vostok-Ruda” situated in the 
northern part of Kryvorizhskyi iron-ore basin within 
the city Zhovti Vody, Dnipropetrovsk region 


(Khomenko et al. 2011). The main sources of at- 
mosphere air pollution are following: grinding- 
sorting factory, backfilling, auto transporting, rail- 
way shops, boiler house and mine. In 2000 together 
with enterprise “Ecouniversal” was provided inven- 
tarization of all emission sources. It is allowed to 
decrease releases on 1165 tons per year into the 
atmosphere. On grinding-sorting factory has been 
installed dust cleaning installation (DCI) of wet 
cleaning. For cemented dust collecting has been 
installed hose filters in backfilling complex, boiler 
house has been transited from oil fuel to gas. That is 
why significant quantity of ecologically harmful 
substances brings by used airflow from ventilation 
shaft of mine. 

During iron-ore mining on “Nova” mine LLC 
“Vostok-Ruda’”’, the used airflow releases into the 
atmosphere through the ventilation shaft “Severna- 
ya-Drenazhnaya’. Absence of effective equipment 
and treatment facilities for ecologically harmful 
substances collecting from the used airflow of mine 
atmosphere which releases onto the surface in big 
volumes with significant velocity lead to harmful 
substances can easily come out into the environment 
and cause disprove it quality. 

Measurement of ecologically harmful substanc- 
es concentration release from ventilation shaft of 
mine has been executed by express-method of 
physics-and-chemical analysis. Sampling of ana- 
lyzed air realized in inter-shift break after blasting 
conducting at mine. Through the gas-analyzer 
“Paladii-3M” and gas detector GH-M measured 
carbon and nitrogen oxides concentrations. 


Gained results of ecologically harmful substances 
concentrations in collected samples of mine at- 
mosphere during 2009 — 2013 are represented in 
Tables | and 2. 


Table 1. Results of ecologically harmful substances 
concentration measurement in outgoing airflow of main 
fan channel. 


G Harmful substances concentration, mg/m’ 
as 


2009 2010 2011 2012 2013 
CO 3.5 12 5 4 13 
NO, 0.5 3 l l 2 


Table 2. Calculation results of emission intensity. 


Emission intensity 


peiz 

O oO `o% 

Year $ E a: 3 ~ 
a g/s kg/h gs kg/h 

2009 0.684 2.46 0.098 0.35 

2010 0.492 1.77 0.123 0.44 

2011 131.16 5.69 0.680 2.45 0.136 0.49 

2012 0.542 1.95 0.135 0.49 

2013 1.705 6.14 0.262 0.94 


For establishment of ecologically harmful sub- 
stances concentration interaction in collected air 
samples and indices on mine over a period of 
2009 — 2013 were collected data on annual produc- 
tivity, total and specific charge of explosives. 
Information is represented in Table 3. 


Table 3. Annual productivity, total and specific charge of explosives on “Nova” mine over a period of 2009 — 2013. 


Veni Annual productivity, 


t/year 
2009 82000 
2010 390000 
2011 540000 
2012 645000 
2013 


Annual overall consumption 


Specific charge of 


of explosives, kg emissions, kg/ton 


33700 0.41 
160884 0.41 
248941 0.46 
364465 0.56 
327800 0.49 


670000 


Harmful substances concentration in outgoing air- 
flow of main fan channel allowed to establish empiric 
formulas of ecologically harmful substances concen- 
tration from annual specific charge of explosives. 

Carbon oxide concentration: 


Coo =1395-°", (1) 


with the approximation at R°=0.903, where 
q — specific charge of explosives, kg/m’: 
Cyo, =405-q"°, (2) 


with the approximation at R? = 0.9725. 
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RESEARCH OF ATMOSPHERE 
AIR CONDITION ON THE 
TERRITORY OF IRON-ORE MINE 


For determining specialties of ecologically harmful 
substances dispersion into the atmosphere from 
ventilation shaft was used automatization calcula- 
tion system of atmosphere pollution “EOL- 
2000[h]”. In the base of software laid rates that has 
been settled by methods of harmful substances 
concentrations calculation in atmosphere air 
“OND-86” (Calculation methods... 1986). 


In calculations were used following initial data: 
coefficient of atmosphere stratification A = 200, 
coefficient of land topography 7 = 1, average maxi- 
mum air temperature in the most hot month of the 
year 1s equal to 26.9°C, average maximum air tem- 
perature in the most cold month of the year is equal 
to —5.6°C, annual average wind speed is equal to 
10.5 m/s. Calculation polygon is like a square with 
side size 8000 m, in the middle of which is situated 
emission source. In calculation square all objects are 
marked by topographic signs. Emission source: 
ventilation shaft “Severnaya-Drenazhnaya” — height 
5m, diameter of exit hole 4.7m, airflow rate 
131.16 m°/s and air temperature is equal to 26.9°C. 
Harmful substances: carbon oxide — maximum 
allowable concentration (MAC) is equal to 5 mg/m’, 
hazard class — 4, settlement factor 1, exponentiation 
coefficient 1s equal to 0.9; nitrogen oxide — MAC is 
equal to 0.085 mg/m’, hazard class — 2, settlement 
factor 1, exponentiation coefficient is equal to 1.3. 

According to calculations results of were built 
isolines that characterized near-the-ground concen- 
tration of total impact of harmful substances from 
ventilation shaft (Figure 1). 

Data analysis, which represented on Figure 1, a 
allowed to establish that main isolines of near-the- 
ground concentration of total impact of ecological- 
ly harmful substances around ventilation shaft of 
mine in a radius of 355 m and is equal to 0.12 unit 
fractions (u.f.) from MAC and decrease to 0.02 on 
a distance of 2450 m from emission source. De- 
creasing of near-the-ground concentration happens 
after each 200— 750 m on 0.01 — 0.04 unit frac- 
tions of MAC. 

The main isolines of near-the-ground concentra- 
tion of total impact of ecologically harmful sub- 
stances around ventilation shaft in a radius of 355 m 
and is equal to 0.14 u.f. from MAC and decrease to 
0.02 on a distance of 2450 m from emission source 
(Figure 1, b). Decreasing of near-the-ground con- 
centration happens from 200 to 750m _ on 
0.01 — 0.04 u.f. of MAC. 

Isolines of near-the-ground concentration of total 
impact of ecologically harmful substances around 
ventilation shaft in a radius of 355 m and is equal to 
0.16 u.f. of MAC and decrease to 0.02 on a distance 
of 2450 m from emission source (Figure 1, c and d). 
Decreasing of near-the-ground concentration hap- 
pens from 200 to 750 m on 0.01 — 0.05 u.f. of MAC. 

The main isolines of near-the-ground concentra- 
tion of total impact of ecologically harmful sub- 
stances around ventilation shaft in a radius of 355 m 
and is equal to 0.32 u.f. from MAC and decrease to 
0.04 on a distance of 2450 m from emission source 
(Figure 1,b). Decreasing of near-the-ground con- 
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centration happens from 200 to 750 m on 
0.03 —0.1 u.f. of MAC. 

Total picture of near-the-ground concentration 
value changing of ecologically harmful substances 
with increasing distance to emission source can be 
observed on changing its concentration in u.f. of 
MAC (Figure 2). 
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Figure 2. Isolines of near-the-ground concentrations of 
total impact of ecologically harmful substances around 
ventilation shaft. 


As a result of maximum values approximation 
conducting were received empiric equations of 
dependencies u.f. of MAC of total impact from 
distance to emission source. 

Value of near-the-ground concentration of total 
impact: 

— in 2009: 


C, =) (ive 


tot.i 


(3) 

with the approximation at R? = 0.9602, where L — 

distance to emission source, m; 
— in 2010: 

Ca = 0l e N, 


(4) 


2 


with the approximation at R? = 0.9751 
— in 2011: 
ae 


(5) 


2 


with the approximation at R° = 0.9958 
— in 2012: 
Cra T O2 R, 


(6) 


with the approximation at R? = 0.9871; 
— in 2013: 


Co OASE 


tot.i 


(7) 


with the approximation at R? = 0.9964. 

Executed analysis of near-the-ground concentra- 
tions values of total impact of ecologically harmful 
substances allowed to establish that with increasing 
distance to 2450 m from emission source concentra- 
tion values decrease in 6 — 8 times. 
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Figure 1. Isolines of near-the-ground concentrations of total impact of ecologically harmful substances around ventilation 
shaft of mine in 2009 (a), 2010 (b), 2011 (c) 2012 (g) and 2013 (e). 


196 


The main factor that influences on concentration 
values of ecologically harmful substances is annual 
specific charge of explosives. 

Therefore, near-the-ground concentration of total 
impact Cti with increasing distance to emission 
source changes on exponential difference: 
—b-L 


9 


(8) 


where a and b — given numbers that contain known 
values. 

Each value changes from specific charge of ex- 
plosives on following regularities: 


Croti ae 


a=3-q°", (9) 
b = 0.001. (10) 


To substitute equations (3) — (7) in expression (8) 
and executed necessary transformations we will get 
empiric formula that determined near-the-ground 
concentration of total impact of ecologically harmful 
substances with taking into account specific charge 
of explosives and distance to emission source: 


Coe e (11) 
with the approximation at R? = 0.9034. 

4 CONCLUSIONS 

Determining of near-the-ground concentration 


values of total impact of ecologically harmful sub- 
stances allowed to establish that near-the-ground 
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concentration of harmful substances has been influ- 
enced by specific charge of explosives and distance 
to emission source. 

Further research allowed to establish that near- 
the-ground concentration of total impact of ecologi- 
cally harmful substances with distance increasing to 
ventilation shaft “Severnaya-Drenazhnaya” “Nova” 
mine LLC “Vostok-Ruda” and specific charge of 
explosives change on exponential dependence. 

Therefore, established regularities prove necessity 
of development and implementation of measures 
complex with direction on decreasing of harmful 
substances concentration in mine atmosphere of 
iron-ore mines. 
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Integrated sustaining of technogenic mine structures 


M. Nurpeisova, D. Kirgizbaeva, K. Kopzhasaruly & A. Bek 
Kazakh National Research Technical University named after K.I. Satpayev, Almaty, Kazakhstan 


ABSTRACT: The problems of controlling the stability of man-made mine structures presented in the form 
of open pit and underground workings in the development of mineral deposits in Kazakhstan. Recommenda- 
tions to improve their resistance to the development of activities and production monitoring tool. Relevance 
of research is characterized by an increase in depth of field development and the transition to the combined 
production of minerals from the open method on underground. 


1 INTRODUCTION 


Problems of dynamics of the Earth’s crust due to the 
engineering activity, one way or another connected 
with the extensive development of mining opera- 
tions and increase their depth. In the short term, up 
to 70% of ore quarries will have a depth of more 
than 250 m, and in some cases from 300 to 500 m. 

The overall evaluation of the stability of benches, 
pit, waste dumps should be borne in mind that in the 
real world they are exposed to a large number of 
factors that can be grouped into two categories: 
natural and mining engineering. The combination of 
these fac tors determines the strength of the rock 
mass and the conditions of its deformation. 

Existing methods of assessment and justification 

of the nature of stress-strain state of based on tradi- 
tional classical basis, but with increasing depth of 
mining operations engineering-geological situation 
is complicated and is accompanied by a qualitative- 
ly new manifestations of violating the safety of 
mining operations and the environment. 
In recent years, a significant step in addressing the 
sustainability of mining slopes. But despite the sig- 
nificant achievements of domestic and foreign 
scholars in the field, the problem is still not solved 
because of the complexity and diversity of geologi- 
cal features of deposits at this stage. 


2 MAIN CONTENT 


In assessing the interaction of rocks with different 
structures, become important structural features of 
the rock mass, as fracture strength and the forecast 
of their properties. The work is focused on the study 
of patterns of change in the strength properties of 
rock masses with their depth and development on 
this basis of new technological means to ensure the 
sustainability of buildings. 
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Office of the stability of rock slopes of various 
engineering structures including quarries have been 
engaged as separate domestic and foreign research- 
ers, and the whole organization (Fissenko 1965, 
Turintsev et al. 1984, Galustyan 1980, Popov & 
Okatov 1980, Mashanov 1961). 

But despite the significant achievements of do- 
mestic and foreign scholars in the field, the problem 
is still not solved because of the complexity and 
diversity of geological features of deposits. Summa- 
rizing the analysis of issues related to the stability of 
the pit walls, it is possible to chart the research 
slopes of mine ranges in order to develop techniques 
and methods for the assessment and management of 
their stability (Figure 1). 

It is from this position of the goal, substantiated 
the idea, formulated research problems. Experi- 
mental facilities and the introduction of the study of 
objects and the challenges of sustainability quarry 
slopes were deposits of the Republic of Kazakhstan. 
Methods of study of fracturing of the rock mass are 
divided into direct and indirect. Among the indirect 
methods for prediction of fracture array become 
widespread methods. 

On the basis of the known theoretical propositions 
developed reliable ways of assessing the disturbance 
of rocks that will resolve the issue of operational 
control of their condition and sufficient for the solu- 
tion of problems of geomechanics detail perform 
zoning career fields by a factor of disturbance. For 
large-scale studies of disturbance of rock masses, the 
definition of the boundaries and sizes of homogene- 
ous and identification of potentially unstable areas 
benches and pit is proposed to use thermal-metric 
method comprising registering the intensity distribu- 
tion of the thermal radiation of the controlled object, 
and based on the relationship we have identified the 
parameters of the thermal radiation of the rock mass 
and the characteristics of its violation. 


Pit of quarry 


Study of the actual state and the study of the strength properties 


Develop a set of methods for determining the strength characteristics 


Monitoring of the geomechanical processes 


geophysical 


surveying 


Evaluation of the sustainability 


Develop tool and techniques for efficient mining of mineral de- 
posits by open way at big depths 


Figure 1. Scheme of studies. 


The method differs from similar other ways to 
improve accuracy and speed measurement with 
simplicity and usability, while providing multi-drop 
and simultaneous measurement processes. For regis- 
tration of the radiation intensity and determination 
of thermal-metric properties of rocks we have devel- 
oped a device, a block diagram of which is shown in 
Figure 2. 





Figure 2. Functional diagram of the device for certain 
violations of the array: 1 — Thermometers; 2 — micropro- 
cessor; 3 — mine range; 4— hole; 5 — output device regis- 
tration. 
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The results of measurements in the quarries Akzhal 
deposit showed that the observed feature of the differ- 
ence in the nature of the cooling sections, depending 
on the fragmentation of rocks, in general, conserved 
(Figure 3). In the initial period of fractured land cools 
faster than the monolithic array. Then fractured por- 
tion cools slower monolithic, which is due to the fact 
that the deep layers of the fractured portion of the 
array retain more heat due to the smaller coefficient of 
thermal conductivity of the surface layer. Thereafter, 
the area under the curves from the reference point to 
the line of intersection of the curves and the tempera- 
ture difference of the areas. The maximum value of 
the difference of areas served to establish the poten- 
tially unstable areas of rock mass (Patent No 20700). 

The test results of integrating a number of schemes 
to determine the areas under the curves 1, 2, 3 have 
shown that the use of them in a manner convenient to 
automate the processes of measuring and machining 
data obtained. The value of the crack opening is set by 
the developed ultrasonic method comprising sounding 
controlled object and the definition of the transmission 
coefficient (A) of the elastic waves through the object. 


Temperature,’C 





Time, min 


Figure 3. Graph of temperature changes in the rock mass 
during the cooling: 1 — the process of cooling small cracks area 
array; 2 — the process of cooling strong cracks area array. 


The value of A is determined by a monotonic in- 
crease in the amplitude of the emitted ultrasonic 
signal to A. In Figure 4 is shown a functional dia- 
gram of an ultrasonic method. 














Figure 4. Functional diagram of an ultrasonic method: 
1 — wellbore; 2 and 3 — the top corner of the hexagon; 
4 — receivers of ultrasonic waves; 5 — emitter of ultrasonic 
waves; 6 — multi-microprocessor. 


Application of the method makes it possible to sim- 
ultaneously six dimensions, which consequently accel- 
erates research massif and completeness of the study. 

According to the results of the acoustic sounding 
rock samples obtained dependence shown in Figure 5. 

When the ultrasonic wave passes through a crack 
having a width comparable to the wave length, then 
the change in amplitude of the transmitted wave. 


201 





Figure 5. Change the value of the transmission coefficient 
of elastic waves (D) on the amplitude of the transmitted 
signal (A). 


By an abrupt increase in the transmission coeffi- 
cient D ultrasound trial of a crack in the controlled 
object, and the amplitude of the emitted ultrasonic 
wave A corresponding to an abrupt increase in the 
transmission coefficient, determine the magnitude 
of the crack opening (A) by the formula: 


iade N, (1) 


where A — amplitude of the radiated ultrasonic 
waves; 0 — the coefficient of the ultrasonic attenua- 
tion in the sample; lọ — the distance from the point of 
excitation of the ultrasonic wave to crack. 

The value of the crack opening 4 can be expressed 
in units or in units of length. In this case, Æ is deter- 
mined by the product of the peak reading voltmeter U 
and K coefficient conversion radiator. The novelty of 
the developed methods confirmed by the patents RE- 
PUBLIC Kazakhstan (Patent No 2007/1031). 

One of the main stages of the study the stability 
of slopes quarries was to study the physical and 
mechanical properties of rocks. 

The interrelation between the velocity of longitu- 
dinal ultrasonic waves Vo by a factor of rock strength 
on M.M. Protodyakonov / To determine the velocity 
of propagation of longitudinal waves in the laborato- 
ry, we have prepared samples of a separate, different 
types of rocks, taken from different horizons at the 
studied fields. Based on a detailed analysis based on 
observations, as well as literary sources other ore 
deposits we have established graph-analytic depend- 
ence of the velocity of longitudinal ultrasonic waves 
Vy with the strength of rocks f and this relationship is 
expressed by the following formula: 


(2) 


where: V) — velocity of longitudinal ultrasonic 
waves is expressed in km/s. 

Figure 6 shows the dependence for determining 
the coefficient of the fortress of the greater speed of 
1.5 km/s for rocks of any composition. 
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Figure 6. Graphic analytical dependence to determine 
the coefficient of the fortress f rocks velocity V of ultra- 
sonic waves. 


The postulated relationship f and Vp puts on a real 
basis for the decision cottages associated with the study 
of the spatial distribution of the strength properties of 
rocks, the dynamics of their changes under the influ- 
ence of natural factors and the impact of Engineering. 

The level of stress R,,, corresponding to the ulti- 
mate strength of the rocks in the array is an im- 
portant strength characteristic of rocks. Tensile 
strength of the rocks in the array is determined by 
the formula: 


Ri SOAs (3) 


where: o, — rock strength in compression in the sam- 
ple; with 4, — coefficient of structural weakening. 

With the aim of finding common patterns of varia- 
bility of the strength properties of rocks in the array 
method of mathematical statistics and correlation anal- 
ysis summarizes the properties of the host rocks and 
deposits Akzhal set of graph-analytical relationships 
between density, adhesion, strength and depth of rocks. 

Figure 7 shows the results generalize the experi- 
mental work on the definition of change of the line- 
ar dimensions of the structural units of the depth of 
their occurrence in the bowels by quarries, analyti- 
cal dependence of which are shown in Table 1. 


To find the common patterns of variability in 
strength properties of rocks, summarizes a number of 
fields, and also established Graphic analytical relation- 
ship between the average density, adhesion, strength 
of rocks and their depth (Figure 8 and Table 2). 


Siaze of blocks 1, m 





0 50 100 150 200 250 300 


Figure 7. Change in the average size of the building blocks 
of rocks with their depth by quarries: 1 — Akzhal; 
2 — Sayak; 3 — Zherek; 4 — Rodnikovoe. 
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Figure 8. Dependence of the strength properties of massive 
limestone with their depth at Akzhalskom career. 1 — clutch, 4; 
2 — angle of internal friction, p; 3 — strength, f; 4 — medium. 


Curves of changes in the properties of rocks carried 
by the average indicators in depth in 50 m. Qualifica- 
tion and reliability dependency determination made by 
the formulas of mathematical statistics. To create a 
rational observation station geomechanical analysis 
was performed, which included zoning and prediction 
of stress-strain state of the massif. Their stability is 
analyzed by solving the problems of the theory of elas- 
ticity, obtained by numerical methods, mainly using the 
finite element method. 


Table 1. The relationship between the size of the structural changes in the wall rocks with the depth of their occurrence. 


Quarries Equation 
Akzhal ley = 0.025 + 0.012 H— 0.00002 H? 
Sayak ly = 0.23 + 0.006 H — 0.000002 H? 
Zherek ley = 0.12 + 0.005 H — 0.00001 H? 
Radnikovsky lop = 0.11 + 0.004 H 
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Value of reliability The limits of the aleph 
r= 0.75 300 < H< 50 
r; = 0.87 250 < H < 50 
rą = 0.79 200 < H < 50 
r, = 0.90 200 < H < 50 


Table 2. The constraint equations properties of rocks with their depth. 


The study of quantity 


Grip on crack k, Pa:10° 
The angle of the internal 
its friction r, degree 
Castle rock 


Density g, t/m? 


Zoning massif with the layering, fracturing and 
faulting of the array revealed six stretches of (three on 
the north, and three on the south side) with similar 
conditions of stability. Length of all the breaking 
strain on the front, as a rule, exceeds the height of the 
deformed shoulder 2 — 5 times. This indicates that the 
effect (clamping) on the stability of the lateral ledges 
of rocks that are in the limit position, is effective only 
as long as the length of the disturbed portion exceeds 
its height. Therefore, the inception of the workers of 
frames along the contour career allows you to moni- 
tor the stability of the beads throughout their length, 
and established network is used as a basis for the 
expansion of the observations. 

Investigation of the distribution of isolines dura- 
bility massif career “Akzhal” in the observed depth 
shows (Figure 9), that it really is possible to allocate 
the prism of the collapse, in which the most actively 
occurring deformation and disintegration processes. 
With increasing depth increases the risk of caving in 
ledges. Forming surface starts sliding upwards. 








[F4] o=111 MPa 





Sk] Oc=162 MPa NY g=214 MPa 





4 O-=92 MPa e504 Oc=179 MPa 





Figure 9. Distribution contour longevity massif on the 
career of “Akzhal”. 


Of course, that the findings are specific to career 
“Akzhal”. Time education and the sliding surface 
configuration depends primarily on the nature 
(strength of the rocks composing with bead array of 
fracture, the presence of faults and the others). And 
mining-technical factors (depth of reference works, 
the angle of slope of career, technology of open cast 
mining and etc.). 

The application of this technique will allow at least 
a first approximation to assess the stability massif, 
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Equation 
k= 14.5 + 0.2 H — 0.0004 F? 
p=25.5+0.1 H— 0.0002 


f= 6.15 + 0.018 H— 0.00003 H” 
y= 2.36 + 0.0038 H— 0.000008 H? 


vee or Limits of action 
reliability 
0.88 300 < H< 50 
0.90 250 < H< 50 
0.89 300 < H< 50 
0.88 250 < H< 50 


given the depth of mining and associated time elapsed 
since the beginning of the outcrop of rock mass. 

Instrumental surveying observations are the prima- 
ry means of obtaining information about defor- 
mations pit and the most reliable basis for the predic- 
tion of their stability. Observation, analysis and in- 
terpretation of the results of observations can be 
used: to determine the values of displacements, 
strains, velocities of deformation process and bound- 
aries of the deformation; set the type of breaking 
strain massif rocks; establish the relationship be- 
tween the factors that determine the stability massif, 
and the process of deformation of the pit and to de- 
termine the quantitative relationships between them; 
determine the critical value of deformation prior to 
the beginning of the active phase of deformation for 
various geotechnical rock units; exercise control over 
the conduct of mining operations on the deformed 
sections of boards and dumps; determine the effec- 
tiveness of against deformation events. 

The observations were made with the strong points 
of the geodetic network laid on the edge of the pit. To 
improve the accuracy and efficiency of alignment 
measurement, we made improvements vantage point, 
namely, the surface of the existing metal plate was 
welded new item other metal plate with tripod screw, 
which allowed for fast and accurate alignment, as 
well as to exclude the use of tripods (Figure 10). 

Observations of the absolute deformation boards on 
the objects under investigation were carried out on the 
profile lines observation station devices of new gener- 
ation. Repeated geodetic measurements were made 
tachometers company Leika TS110 and TS1206 in 
combination with reflectors installed on a permanent 
basis, as well as laser tape measures in the inaccessible 
areas of career (Nurpeisova & Kopzhasaruly 2013). 
For each profile line drawn sheet vertical and horizon- 
tal displacements of the frames, as well as graphs of 
displacement. 

To automatically receive the proposed software 
package (software package CREDO running operat- 
ing systems from Microsoft: Windows 95/98, Win- 
dows 2000 because at the moment it is the most 
popular and available operating systems, as well as 
the program has a modern graphical user interface). 








New metal plate 
stand screw 


Substantional 
metal plate 


Figure 10. Advanced vantage point. 


Results of field observations of the deformation of 
slopes quarries have shown that this process has a 
certain period of time within which the behavior of 
this process remains unchanged. This allows you to 
select the specified time intervals in separate stages, 
to formulate their definitions and set the parameters 
by which they are characterized. 

Effective methods for controlling the stability of 
slopes associated with hardening of the rock mass and 
dusty surfaces. Created solution to strengthen fractured 
rocks with a low cost, sufficient fluidity for filling 
small cracks and adhesion to rocks, high strength. The 
solution contains cement, filler and water. 

The filler used tails OF BGMK. Parallel has been 
researched and prepared a new composition for 
strengthening reinforcement strongholds nab lyu- 
datelnoy station in wells, allowing the wastes as well 
as the mining industry and to increase the strength 
and frost resistance of the resulting material (Kazakh- 
stan (Patent No 14023, Patent No 14475, Patent 
No 14476, Patent No 19861). 


3 CONCLUSION 


Developed new automated methods for isolating 
weak tectonic disturbances portions of pit and meth- 
ods of allocation parameters joint systems based on 
cluster analysis and display them on rectangular dia- 
grams that provides zoning pit according to their 
degree of disturbance. 


Effective methods for controlling the stability of 
slopes associated with hardening of the rock mass and 
dusty surfaces. Created solution to strengthen fractured 
rocks with a low cost, sufficient fluidity for filling 
small cracks and adhesion to rocks, high strength. 

Results of the study to clarify the parameters of 
stable boards and steps to limit and developed 
“Guidelines for assessing the stability of the pit walls 
Akzhaľ’s field” (Bek 2002), which have been intro- 
duced into production in the form of regulations. 
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The development of idea of tunnel unit design 


with the use of morphological analysis 


K. Zabolotny, A. Sirchenko & O. Zhupiev 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: Solid-state models of perspective units of tunnelling system complexes were developed, and 
their mass properties were identified in the study. Sequence diagram of basic operations involved in under- 
ground railway tunnelling was composed. Optimum alternatives of units as part of tunnel complexes that re- 
quire the installation of additional removable modules for hole drilling and tunnelling were selected by 
means of morphological analysis. Modules can transform into each other and adapt to changes in the rock 
hardness within wide limits. The unit designed can perform tunnelling by means of shearer mining under the 
risk of a roof collapse and ground-based facilities destruction. 


1 INTRODUCTION 


The most efficient method of the underground rail- 
way tunnelling is a shield tunnelling method. How- 
ever, if the linking of the parallel tunnels or the con- 
tinuation of an unfinished tunnel is required, the 
mentioned method does not apply. Rock or shearer 
mining tunnelling applies in the above cases. 

Tunnel-boring complexes (TBC) produced by 
the domestic industry subjected for the work in 
specific mining-and-geological and economic con- 
ditions of metro engineering are not competitive to 
the foreign counterparts due to poor performance 
or inability to apply to the drill and blast tunnelling 
method in soil with low solidity (when f< 6 ac- 
cording to the Protodiakonov Scale) as well as by 
the shearer mining method due to the risk of build- 
ings or mine rock collapse. 

The suggested technical solution for this problem 
is as follows: 

—to improve the design of TBC separate ma- 
chines; 

— to unitize, 1.e. to place several devices on a sin- 
gle trolley. 

Scientific research mission is to justify optimal 
parameters for TBC separate machines and select 
the rational schemes for their unitization. 

The research objective is to improve the efficien- 
cy of the underground railway tunnels construction 
through the development of the conception of tunnel 
unit design by means of morphological analysis of 
its characteristics. 

To achieve the objective the following scientific 
missions were set and solved: 

— to develop solid-state models of TBC units per- 
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spective in the practical use, and to determine their 
mass properties. 

—to compose sequence diagrams of basic opera- 
tions involved in underground railway tunnelling. 

— to estimate the priority in the application of op- 
erations and selection of the parameter types; to de- 
termine the numerical values of the indicators in 
each case of breaking and lining. 

—to perform the morphological analysis of mod- 
els and to define the most perspective TBC units for 
production. 

—to develop the design of TBC capable of work- 
ing in the tunnels with the rock hardness to vary 
within wide limits. 

The idea of the research is to use the advanced 
methods of computer simulation and morphological 
analysis of the devices developed. 

The object of the study is the mechanical process- 
es that accompany tunnel construction. 

The subject of the study is the determination of 
the relations between TBC specifications and its de- 
sign parameters. 


2 RESULTS OF THE STUDIES 


The efficiency of the construction of the underground 
tunnels main line directly depends directly on the tun- 
nelling method and specifications of the equipment 
used. Technologies used to construct tunnels are nor- 
mally classified considering the actual rock hardness of 
available and possible limitations in their use (Table 1). 

In cases when both rock and shearer mining tun- 
nelling are possible, it is advisable to choose the lat- 
ter as more efficient. 


Table 1. Tunnel construction technology characteristics. 


Name of the Technology Based on Restriction of its Application 


Soil Hardness according to 


Protodiakonov Scale Bise or Boer olense 
0-6 Rock tunnelling method 
6-10 Rock tunnelling method 
10 — 20 Rock tunnelling method 


Construction of main line underground tunnels 
involves such basic operations as breaking, loading 
and transportation of soil, and lining elements 
mounting. 

TBC designed for blast hole drilling (BHD) ap- 
plies in the rock tunnelling. In this case, first face 
drilling with boreholes by means of the drilling rigs 
is performed and powder charges are loaded. Then 
explosion destroying mine rock follows. Afterwards 
the rock mass is transported with a rock loading ma- 
chine into trollies and lifted to the surface. Further, 
permanent lining is mounted by means of special 
tunnel erectors. Shear mining tunnelling method is 
similar to the one described above, but the soil ex- 
cavation is carried out not through blasting but us- 
ing tunnel-boring machines, where operative parts 
of various types can be installed. 

Two types of TBC are used in the construction of 
the Moscow and Dnipropetrovsk underground. The 
first one is the rock tunnel-boring complex (RTBC). 
It includes separate machines, namely, the 3DB-5D 
drill rig, the STA-2 tunnel lining erector, the 1 RLM-5 
loading machine. The shearer tunnel-boring com- 
plex (STBC) consists of the following units: the 
TOM-42 tunnel-boring machine, the STA-2 erector, 
the IRLM-5 loading machine. We consider the 
named complexes to be the basic ones in our study 
(we have chosen them as prototype). By carrying 
out morphological analysis of their parameters, we 
describe an algorithm for creation of a conceptual 
model of the most efficient complexes below. 

The algorithm suggested in the study with a slight 
adjustment of the tables with the results of the mor- 
phological analysis of the tunnelling parameters can 
be used for the construction of other undergrounds. 

Scientists of the National Mining University 
(Zabolotny et al. 2013) substantiated rational pa- 
rameters of tunnel-boring complexes that minimize 
the weight of such erector components as an under- 
carriage; a manipulator swing drive; guide beams 
that support the lining elements during installation; 
a portable arch; a tier with movable platforms by 
12%. Another study (Sirchenko et al. 2013) proved 
the rationality of the two manipulators erector actua- 
tor usage that enhances its performance by 1.8 times 
on the basis of one cycle of operation. The material 


Risk of Damage to Buildings 


No Limitations 


Rock tunnelling method 
Shearer mining method 
Rock tunnelling method 
Shearer mining method 
— Rock tunnelling method 


Shearer mining method 


of the research performed was the basis of the con- 
ceptual scheme of lightweight upgraded erector — 
MTPM of improved efficiency developed by the au- 
thors of this article. 

In this scheme, determining the rational TBC pa- 
rameters we confine to the breaking and lining op- 
erations exclusively, and the existing 1RLM-5 load- 
ing machine is suggested for transporting rock. 

Algorithm of breaking and lining operations in 
both rock and shearer tunnelling can be used either 
for two independent machines, or for a single unit 
application. 

It is known that the basic unit of the tunnel erec- 
tor is a trolley with other objects such as turning de- 
vices and manipulator extension, hoods and mova- 
ble platforms, etc., installed on it. 

The authors of this article propose to upgrade the 
trolley (erector basic unit) with a blast-hole drilling 
module or a tunnelling device. 

A previously created experimental TSTE 5.5 tun- 
nel machine model (Figure 1) is able to destroy the 
rock which hardness does not exceed the value of 
f<6, with a cutter 7 mounted on manipulator 2 — 
lining mount actuator, mechanically. 

The tunnelling unit CMPM-1 (Figure 2) with the 
boom / and the drill bit 2 mounted on the frame of 
the upgraded tunnel erector MTPM (these devices 
are also used in a tunnel-boring machine), has been 
developed to dig harder rock ( f< 10) at the Nation- 
al Mining University (NMU). In addition, the ma- 
nipulator 3 for the tunnelling placement is located 
on the boom. 

On the basis of the work the NMU experts have 
designed the CMPM-?2 tunneling unit (Figure 3) ca- 
pable of digging even harder rock ( f< 10). The lat- 
ter is an advanced design of the CMPM-1 unit that 
requires the installation of the boom with the drill 
bit on the upgraded tunnel erector MTPM. 

Another tunnelling unit DMPM (Figure 4) devel- 
oped at the NMU 1s used for breaking the rock with 
the hardness f< 20 Two drill rigs Z are mounted on 
the frame of the upgraded tunnel erector MTPM in 
this construction. This allows to drill holes directly 
from the erector trolley. 

To determine the rational parameters of TBC we 
will use the morphological analysis method. 
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Figure 1. Diagram of TSTE-5.5 experimental tunnelling 
unit: (a) sectional view; (b) view from the front: 1 — cutter; 
2 — manipulator. 





Figure 2. Model of the CMPM-1 tunneling unit for shearer 
mining tunneling: | — boom; 2 — drill bit; 3 — manipulator. 


We will consider six above-mentioned options to 
implement the breaking and lining operations (the 
selection of the devices: STA-2 + 3DB-5D DMPM; 
STA-2 + TOM-42; CMPM-1; TSTE-5,5; CMPM-2). 
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Figure 3. General view of the CMPM-2 tunneling unit for 
shearer mining tunnelling. 


Figure 4. View of the tunnel unit UTMB for rock tunnel- 
ing: (a) diagram: 1| — drill rigs; (b) general view. 


Analysing the work of existing complexes as 
part of the STA-2 erector, the 3DB-5D drilling rig 
or the TOM-42 tunnel-boring machine we con- 
clude that the final parameters of every option im- 
plemented are as follows: the specific quantity of 
metal m and the time of execution t of the opera- 
tions within one operating cycle; the minimum fmin 
and maximum fmax allowable hardness of the rock 
being destroyed during digging; the probability of 
the ground-based facilities destruction p due to the 
rock mining tunnelling. 

Since each option of the shearer mining tunnelling 
requires the loading coincides with the rock breaking, 
the time t shall mean the duration of the operations per- 
formed by all machines and units constituting TBC. 


To carry out the morphological analysis we use 
such dimensionless parameters when the minimal 
value is considered to be the best one. For this pur- 
pose, we take the values of weight and time respec- 
tively to the STA-2 + 3DB-5D option (mp = 45 t, tọ), 
and the reciprocal value of hardness (1/f) according 
to the Protodiakonov Scale. 

Priority values of each option of the basic opera- 
tions to be implemented selected according to the ex- 
perts’ estimation are summarized in Table 3. Since it 
was necessary to solve the issue of increasing the 
TBC performance efficiency, the parameter of time as 
opposed to the priority of weight was the priority. 
Since the implementation of each digging operation is 


possible only within a certain range of the rock hard- 
ness (Table 1), the priority of this very indicator was 
accepted the highest one. 

Mass properties of actual equipment were deter- 
mined on the basis of existing TBC according to 
datasheet specifications while indicators of the con- 
struction developing were determined by means of 
solid simulation with the use of the software pack- 
age SOLIDWORKS. 

To select the values of the dimensionless parameter 
of time we compose a sequence diagram of the basic 
operations that correspond to the selected operations 
to be implemented (Table 2). The results of the mor- 
phological analysis were summarized in Table 3. 


Table 2. Sequence diagram of basic operations of tunnelling in different options of its implementation, h. 


Name of an Operation 


S Io E e 
a = £ © ys 
= A3 E a BR ix 
S ns Ss AD aD O 
u Q O Ean oO g £ oN 
O oO" 5 O 4o Ye 
o =a 6 o KF Sa 
= >85 gp 2 A aS 
= S 
Z 2 T 3 = 
STA-2 + 
DRB i 35 1 05 © 
DMPM 0 3.5 1 0.5 0 
STA-2 + 
DE 1 0 0 ©: 235 
CMPM-1 0 0 0 0 2.35 
TSTE-5.5 0 0 0 0 2.35 
CMPM-2 0 0 0 0 2.35 


o GH 3 3 = o 
oo 8249 GF “SB. Vs 
Si. “Sa < = = E 
E2 24 v 2 = 
Se = Y = a © 
A Ò E E E 
5 f 
1 5 8.5 25 23 
1 5 5.5 2.5 19 
1 0 0 8.5 2.5 15.35 
0 0 0 8.5 Be 3.35 
0 0 0 8.5 2° 13.35 
0 0 0 5.5 2.5 10.35 


Table 3. Results of Morphological Analysis of Dimensionless Parameters of Tunnelling Implementation Options. 


Dimensionless Parameters of Options to be Implemented 


Reciprocal Value 


Weight Time of Hardness Destruction Consolidated 
Name of an Option (m /mo) (t /to) (1 / froin) (1 fran) Probability (p) Figures 
Priority 
1 5 50 50 1 — 
STA-2 + 3DB-5D 1 1 0 0.05 1 9.50 
DMPM 0.56 0.82 0 0.05 1 8.20 
STA-2 + TOM-42 2.22 0.66 0.16 0.1 0 18.89 
CMPM-1 0.91 0.58 0 0.1 0 8.81 
TSTE-5,5 0.55 0.58 0 0.16 0 11.79 
CMPM-2 0.93 0.45 0 0.1 0 8.18 


As the data in Table 3 shows the most optimal 
implementations of the tunnelling (they correspond 
to the minimum values of the consolidated figures) 
are the structures mounted on the basic erector unit. 
They have additional removable modules for blast- 
hole drilling, or for tunnelling, in particular, DMPM 


is applicable in the rock mining tunnelling while 
CMPM.-2 is applicable in the shearer mining tunnel- 
ling. Module unification and the opportunity of rap- 
id units transformation will improve the tunnelling 
efficiency in case of any changes in the rock hard- 
ness within wide limits. 
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3 CONCLUSIONS 


Solid models of TBC units, promising in the practi- 
cal use were developed, and their mass properties 
were determined. 

On the basis of morphological analysis the best 
options of TBC units mounted on the basic erector 
unit equipped with additional removable modules 
for blast-hole drilling or tunnelling were selected. 
Besides the modules can transform into each other, 
and adapt to changes in the rock hardness within 
wide limits. 

The unit CMPM-2 capable to perform shearer 
mining tunnelling under the risk of roof collapse 
and ground-based facilities destruction. 
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ABSTRACT: Technical, economic and environmental efficiency factors were analyzed for application of 
ERA emulsion explosives containing the solid propellant processing products. Applicability of ERA emul- 
sion explosives for mining enterprises using both underground and surface mining operations was proved. 


1 INTRODUCTION 


Currently in Ukraine, as in other countries with 
developed mining industry, there is a steady tenden- 
cy to refuse TNT containing explosives and change 
to the commercial emulsion explosives (Yefremov 
2010, Kholodenko et al. 2014, Stupnik et al. 2013, 
Khomenko et al. 2013). 

The use of emulsion explosives (EE) allows re- 
ducing the costs for blasting and enables control and 
optimization of the parameters of explosion depend- 
ing on the application. At the same time it provides 
higher safety of blasting operations and creates fa- 
vorable conditions for use of effective mechanized 
transportation and loading of boreholes (Efremov et 
al. 1996, Stupnik et al. 2013). 

Production of emulsion explosives has changed the 
concept of arrangement and carrying out of blasting 
in mining enterprises and promoted the development 
of new types of raw materials and equipment for the 
production of explosives and loading equipment. 

The main advantages of emulsion explosives are that 
their components are not assigned to explosive materi- 
als prior to mixing and are safe for handling, transpor- 
tation, exposure to electrical discharge and mechanical 
effects. The non-explosive components take on the 
explosive properties only upon mixing in the borehole 
soon thereafter. If the broken rock keeps a part of un- 
exploded emulsion explosive, then due to destructive 
processes such explosives lose their explosive proper- 
ties with time (Shyman & Ustimenko 2009). 

It should be noted that the minimum emission of 
toxic gases when using emulsion explosives is ob- 
served only when they have a certain balanced com- 
position. Thus, to avoid the formation of nitrogen 
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oxides and to minimize the carbon monoxide content 
in the composition of the explosion products, the 
oxygen balance of emulsion explosives must be in the 
range of —0.2 to —2.0%. The latter is sometimes con- 
tradicted by the need to obtain explosives with high 
energy efficiency, which increasing requires the addi- 
tion of high energy additives into emulsion explosives 
such as: aluminum powder, pyroxiline or ballistit 
powder, ANFO, etc (Efremov et al. 1987, Ko- 
Zlovskaya & Chebenko 2010, Ustimenko et al. 2009). 
An important advantage of EE application is the 
possibility to significantly reduce the environmental 
damage due to release of toxic gases during blasting 
operations, as compared to other types of explosives 
(Doludareva et al. 2012, Zakharenkov 2010, Krysin 
et al. 2004, Krysin & Novinsky 2006, Saksin & 
Krupskaya 2005, Mironova & Borysovs’ka 2014). 
At present at the premises of SE RIC PCP the set 
of studies are carried out in order to produce new 
types of emulsion explosives, which formulations 
comprise the solid propellant (SP) and the products 
of its high-level processing (Kirichenko et al. 2012, 
Ustimenko et al. 2009, Kirichenko et al. 2012). 


2 FORMULATING THE PROBLEM 


Currently the various types of emulsion explosives 
under trademarks “Ukrainit” and “Emonit” (Kryv- 
basvzryvprom), “Anemix” (Intervzryvprom) and 
“ERA” (SE “RIC PCP”) are produced and used in 
Ukraine. ERA emulsion explosives include a wide 
range of various explosives of Division 1.1, includ- 
ing ERA-I, ERA-II and ERA-III which contain the 
products of SP high-level processing. 


The development of the above types of emulsion 
explosives and their blasting technologies was car- 
ried out with regard to balanced formulations and 
processes of blasting that allow achieving the re- 
quired EE energetic and explosive parameters with 
minimum formation of harmful substances in the 
explosion products. 

The study of the environmental impact of drilling 
and blasting operations using emulsion explosives 
took into account a number of factors, which can be 
divided into two groups. The factors of the first group 
characterize the so-called EE “internal” formulation 
features and its adaptability to the different changes 
under application conditions in blasting operations. 
The factors of the second group characterize the so- 
called “external” conditions associated with the spe- 
cial production and loading of emulsion explosives 
into boreholes and blastholes, special initiation of 
borehole charge blasting, as well as mining and geo- 
logical conditions of blasting operations. 

It should be noted that the factors characterizing 
EE application “external” conditions and parameters 
in blasting operations, are essentially determinant 
for the formation of gas-and-dust mixture of the 
explosion products and therefore, for description of 
the environmental impact. Ignoring the impact of 
these factors can lead to deviations from and non- 
conformance with the conditions for which the 
emulsion explosives are applicable, as well as to 
deterioration of their explosive properties and de- 
velopment of deflagration processes within charge. 
As a consequence, this leads to the generation of 
large amounts of such toxic products of EE thermal 
decomposition as CO and NO,. 

Deterioration of explosive properties may occur 
in case of violations of parameters and manufactur- 
ing process of emulsion explosives, because of fail- 
ures or malfunction of dosing units and mixers in 
mix-pump trucks as well as due to lower control on 
the part of personnel. As a result the balanced mix- 
ture ratio is not maintained, the EE structural stabil- 
ity is not generated or prematurely lost. It results in 
break in detonation over a column of EE charge and 
its transition to deflagration processes. Such pro- 
cesses occur also in case of “flowing” of emulsion 
explosives to cracks and cavities around boreholes 
where there are no conditions for their explosive 
transition. Destruction of EE structure from prema- 
ture initiating pulses and effects of borehole water 
environment, as well as insufficient capacity of 
boosters contribute to deterioration of their explo- 
sive properties and release of products of incom- 
plete oxidation and explosive transition of the for- 
mulation components. 

To perform the ecological and technical and eco- 
nomic feasibility report of possible application of 
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ERA emulsion explosives in the mining enterprises 
it is necessary to carry out the theoretical and practi- 
cal evaluation of their formulation features and the 
results of the explosion products control. 

Therefore, the objective of study is an ecological 
and technical and economic feasibility of possible 
EE application with SP using in underground and 
surface mining operations. 


3 GENERAL PART 


In development of formulations of ERA emulsion 
explosives the computational and experimental 
methods were used, allowing to optimize technolog- 
ical, operational and ecological parameters and 
properties of specific types of explosives. As the 
basic criterion for choice of EE formulation, its 
balance for parameters of energetic characteristics 
and minimization of generation of explosive transi- 
tion harmful products has been chosen. 

The experimental researches used the methods 
developed by SE RIC PCP. The measurements were 
carried out by means of differential gravimetric 
thermoanalyzer Diamond TG/DTA Perkin Elmer 
(USA), laser light scattering particle size analyzer 
SALD 30IV (manufactured by Shimadzu, Japan) 
and calorimeter C-2000 (Germany). 

The experimental investigations used the methods 
developed by SE RIC PCP. The measurements were 
carried out by means of differential gravimetric ther- 
moanalyzer Diamond TG/DTA Perkin Elmer (USA), 
laser light scattering particle size analyzer SALD 
30IV (Japan) and calorimeter C-2000 (Germany). 

Set of studies performed includes the investiga- 
tions of EE properties with addition of SP from all 
ICBM SS-24 stages as high-energy components and 
EE properties with addition of products of high- 
level processing. 

In order to evaluate the safety ecological impact, 
with regard to influence of the so-called factor of 
“internal” formulation conditions, the choice and the 
analysis of components application for ERA emul- 
sion explosives is carried out. The basic components 
of ERA emulsion explosives of Division 1.5 are 
ammonium nitrate and calcium nitrate used as dry 
components and (or) solutions in quantity of 75 — 
95%, and industrial oil mixed with hydrocarbonic 
emulsifier in quantity of 4.5 — 7.0%. The crumb of 
products of SP processing of up to 10% is added to 
some compositions as energetic additives increasing 
EE pushing action. In order to allow the required 
processing properties and EE stable structure and to 
achieve EE sensitizing characteristics, their compo- 
sitions contain the appropriate processing aids and 
gas-generating reagents in total up to 2% (Table 1). 


Table 1. Components of emulsion explosives, Hazard Class with regard to toxicity of substances to be used. 


Component Hazard Class aan 
Ammonium nitrate 4 
Sodium nitrate 3 — 
Calcium nitrate 3 ate 
Industrial oil 3 T 
Emulsifier 3 Fe 
SP processing product 3 a 
Processing aids 2 + 
Water 4 Fle 


Table 2 represented the data on elemental constit- 
uents of ERA emulsion explosives suitable for com- 
position conditional formula per | kg taking into 
account the manufacturing tolerances, show that the 


Table 2. EE elemental constituents and characteristics. 


Ukrainit Anemix Emonit N Content, % 

+ + + 

— = + 75 — 83 
4 os n: 

+ + + 

$ i i 4.5 — 7.0 
= — — < 10.0 

+ + + 1.0 — 2.0 
+ + + 10-15 


molar content of carbon (C), hydrogen (H), nitrogen 
(N), oxygen (O) and sulfur (S) elements for such 
emulsion explosives is about the same as for other 
EE brands. 


Elemental constituents, mole/kg Characteristic 
AG y- en E N G oe g a baat 
i g . eee ae a 0.85-1.25 <10! <10! o E o 1.298 89.8 
S a6 n "380 160 Sa aI es oe “a 50 ae. “Siar 
a ee a 
te ee a 


Taking into account the technology ability to 
manufacture the emulsion explosives using mix- 
pump trucks, the computational and experimental 
evaluation was held concerning the compositions 
balance with regard to permissible variations of con- 
tent of any component of ERA EE formulation that 
does not result in a deterioration of its characteristics, 
including the composition of the explosion products. 

The presence of calcium and sodium elements in 
EE compositions is caused by the introduction of 
their nitrates in EE composition, providing the best 
processing properties and stability of the emulsion 
matrix structure. Also, the presence of these ele- 
ments makes it possible to neutralize the generation 
of acidic products of explosive transition of EE 
components, such as CO, NO,, HCI, H>S and thus to 
reduce the harmful explosion products. The pres- 
ence of the aluminum and chlorine elements is 
caused by the introduction of the SP high-energy 
components in EE composition, increasing the tem- 
perature of the explosion products and their pushing 
action. The presence of a sulfur element is caused 
by the use of the fuel phase hydrocarbons and pro- 
cessing aids containing this element in the EE com- 
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positions. It should be noted that the molar content 
of sulfur and chlorine elements is small and being at 
the level as for impurities which accompany the 
technical raw materials for various EE brands. 

In case of elemental composition of ERA I emul- 
sion explosives containing SP components shown in 
Table 2, the oxygen balance falls within the limits 
of —0.2 ——0.8% that proves the balance of composi- 
tions within allowable variance (not above 1.5%) in 
respect of one or another component content. 

The formulation composition of ERA emulsion ex- 
plosives allows obtaining 10 — 15% higher level of 
thermodynamic temperature (7) during explosion as 
compared to other emulsion explosives. Besides, ex- 
plosion products of ERA-I (ERA-(ID) (In) emulsion 
explosives have higher value of specific heat ratio (k) 
and a better explosion heat availability factor (0..,)) of 
up to 90% has been obtained for them respectively. 

The Brinkley-Wilson model of chemical transition 
taken for explosives with a small negative oxygen 
balance was used to assess the thermochemical ability 
of emulsion explosives compositions to form certain 
explosion products. When performing thermochemical 
calculations for the products of explosive transition of 


explosives, substances for which there are appropriate 
possibilities for formation are specified. Such possibil- 
ities are determined by means of chemical and kinetic 
principles of the processes when atoms combine into 
molecules of only those substances, the formation of 
which results in release of the maximum amount of 
energy, and when a number of simple substances in- 
crease. In addition, when assessing the possibility of 
formation of certain substances during explosion, it is 
necessary to take into account such parameters as 
enthalpy of formation of substances that should be 
negative, entropy and Gibbs energy that should tend to 
decrease. All these requirements are met by the prod- 
ucts of explosive transition of ERA emulsion explo- 
sives containing products of SP processing specified 
in thermochemical equation. 

The detailed assessment of the possibility of for- 
mation of organochlorine and dioxin substances in 
the explosion products shows that there are no 
thermochemical bases for their formation. This is 
due to the fact that, firstly, there are no such sub- 
stances in the composition of emulsion explosives, 
and secondly, organochlorine and dioxin substances 
have a complex molecular composition (for exam- 
ple, C\.H,0.Cl,), a property of maintaining con- 
densed state at a temperature of more than 400°C at 
extremely high positive enthalpy of formation (more 
than 323 kJ/mol) and increasing Gibbs energy. 

Thermodynamic evaluation of the ability of emul- 
sion explosives compositions containing products of 
SP high-level processing to form certain explosion 
products under various conditions, including furan 
(C,H,O.), organochlorine (C,H,Cl,;) and dioxin 
(C,H,O-.Cl,) ones is made based on the results of 
thermodynamic calculations shown in Table 3. 

Apart from substances shown in Table 3, the sub- 
stances of intermediate state and partial carbon and 
hydrogen oxidation with concentrations of less than 
10%, as well as molecular nitrogen are thermody- 


namically present in the products of explosive tran- 
sition of emulsion explosives. 

The received thermodynamic calculations data 
confirms correspondence and correctness of per- 
formed thermochemical assessment with regard to 
the composition of products of explosive transition 
of ERA emulsion explosives containing products of 
SP processing. In addition to the above, thermody- 
namic calculations showed that the products of 
chemical and explosive transition of emulsion ex- 
plosives do not contain not only furan, dioxin and 
organochlorine substances, but also simple chloro- 
hydrocarbons or fragments thereof, which may be 
the source of formation of mentioned substances. 

Disposable SP and the products of its processing 
are high-energy materials, the addition of which into 
emulsion explosives allows improving their energy 
efficiency. At the same time, these additives alter the 
oxygen balance of explosives and under certain con- 
ditions are capable to increase the output of toxic 
gases unusual for emulsion explosives. Therefore, 
while developing emulsion explosives containing SP 
and products of its processing most of the focus is on 
selection of the composition that ensures high energy 
potential and the minimum content of toxic gases in 
the detonation products (Kirichenko et al. 2012). 

Tables 4 and 5 show calculated physical-chemical and 
explosive parameters for emulsion explosives contain- 
ing stage I and II SP characterizing a change of amount 
of emissions of carbon oxide and nitrogen oxides de- 
pending on concentration of SP of these stages. 

The analysis of the data in Tables 4 and 5 showed 
that with the increase of SP content in the formula- 
tion of emulsion explosives the explosion energy 
increases and the oxygen balance decreases. Nitro- 
gen oxides content in emissions decreases simulta- 
neously. As for carbon oxide, the marked increase 
in its concentration is observed when the content of 
SP in emulsion explosives is 10% and more. 


Table 3. The content of products of explosive transition of ERA emulsion explosives under various pressures, mole/kg. 


ERA -I (ID (ln) 


under ambient pressure, MPa 


ERA-AM 
Eo under ambient pressure, MPa 
1000 100 0.1 
CO 0.39 0.39 10° 
CO; 4.40 4.40 3.46 
HO 25.3 23.3 26.7 
HCI 0 0 j 
HS 0.01 0.01 0 
H, 0.44 0.45 0.03 
ALO; 0 0 ? 
Ca(OH); 1.33 1.33 0 
CaCh 0 0 
CaCO; 0 i ee 
CaSO, 0 0 a 
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1000 100 0.1 
0.34 0.34 10° 
4.14 4.14 3.64 
26.2 26.3 27.2 
0.12 0.11 0 
0.01 0.01 0 
0.27 0.26 0.02 
0.12 0.12 0.12 
0.91 0.91 0 
10° 10° 0.06 
0 0 0.85 
0 0 0.01 


Table 4. Physical-chemical and explosive parameters of emulsion explosives containing stage I SP. 


Parameter value when the content of stage I SP in emulsion explosives 1s: 


8% 9% 10% 11% 15% 
Heat of explosion, kJ/kg 3560.8 3673.0 3746.2 ITSS 3769.1 
Volume of gases, | 821.58 817 815 813.3 812 
Oxygen balance, % 1.22 0.67 0.02 —0.43 -2.82 
Composition of explosion products, %: 
CO = = 0.5 1.33 5.7 
CO> 13.89 14.43 14.28 13.4 8.8 
H,O 44.98 44.85 44.75 44.6 44.1 
Ns 22.24 22.55 221 225 21.7 
NO, 1.84 0.75 — —— — 
ALO; 2.87 3.23 3.59 3.9 5.4 
CaCl, 1.78 2.0 2.2 2.44 3.3 
CaCO; 12.42 12:23 12.0 11.83 11. 


Table 5. Physical-chemical and explosive parameters of emulsion explosives containing stage II SP. 


Parameter value when the content of stage II SP in emulsion explosives is: 


8% 9% 10% 11% 15% 
Heat of explosion, kJ/kg 3620.1 3736.5 3814.0 3826.9 3873.0 
Volume of gases, | 821.28 816.7 813.7 813.3 811.0 
Oxygen balance, % 0.99 0.44 —0.14 —0.74 —3.02 
Composition of explosion products, %: 
CO = — 0.38 1.45 aD 
CO, 13.12 13.54 13.38 12.2 7.4 
H0 44.76 44.6 44.45 44.3 43.7 
N2 23.11 23.51 23.74 23.64 23.3 
NO, 1.75 0.69 — — 
Al,O3 3.17 3.57 3.94 4.36 6 
CaCl, 0.5 0.61 0.68 0.74 1 
CaCO; = — 0.38 1.45 5.5 


Dependence of toxic gases emissions on stage Im 
and III SP content in emulsion explosives has a 
similar nature. Studies have found that the addition 
of SP as high-energy components in emulsion ex- 
plosives allows reducing emissions of harmful gases 
such as nitrogen oxides and improving the energy 
characteristics of explosives. At the same time, pure 
SP is an explosive and is not safe to handle. Thus, 
their use is limited when preparing emulsion explo- 
sives directly on site where blasting operations and 
mechanical charging of holes are carried out. 

The calculated physical-chemical and explosive pa- 
rameters for emulsion explosives containing the prod- 
ucts of SP high-level processing (HMX, ammonium 
perchlorate, polymer matrix) are given in Tables 6 — 10. 

The analysis of the data in Table 6 has found that 
with the increase of HMX content in the formula- 
tion the explosion energy increases. The total 
amount of toxic gases during explosion decreases 
with the increase of HMX content to 15% in emul- 
sion explosives. Further increase of its content re- 
sults in the increase of carbon oxide emissions. 
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With the increase of ammonium perchlorate con- 
tent in the formulation the explosion energy de- 
creases and the amount of toxic gases during explo- 
sion increases. 

Consequently, in order to minimize negative im- 
pact of blasting works on the environment, it is nec- 
essary to use explosives with minimum content of 
toxic substances found in products of explosive tran- 
sition of emulsion explosives. In order to eliminate 
generation of nitrogen oxides and to minimize the 
content of carbon monoxide as part of explosion 
products, the oxygen balance of explosives must be 
within —0.2...-2.0%, and the content of energetic 
additives shall not exceed 5%, products left from SP 
high-level processing are recommended for use as 
such additives (polymer matrix containing aluminium 
powder and plasticized butyl-rubber or polybutadiene 
rubber). In this case, high explosion heat (over 3700 
kJ/kg) of explosives is ensured, nitrogen oxides for- 
mation is eliminated and minimum content of carbon 
monoxide in detonation products is ensured. 


Table 6. Physical-chemical and explosive parameters for emulsion explosives containing HMX. 


Parameter 


Heat of explosion, kJ/kg 

Volume of gases, | 

Oxygen balance, % 

Composition of explosion products, %: 
CO 

CO, 

H,O 

N 

NO, 

CaCO; 


Parameter value when the content of HMX in emulsion explosives is: 


10% 11% 13% 15% 
3424.1 3500.3 3652.7 3696.2 
835.6 833.4 829 828.6 
1.47 1.05 0.22 —0.61 
— — — 1.0 
15.6 16.2 17.4 16.9 
43.9 43.7 43.3 42.9 
23.68 24.1 24.9 25.1 
2:19 2 0.45 — 
14 14 14 14 


Table 7. Physical-chemical and explosive parameters for emulsion explosives containing ammonium perchlorate. 


Parameter 


Heat of explosion, kJ/kg 
Volume of gases, | 
Oxygen balance, % 
Composition of explosion products, %: 
CO 

CO? 

HO 

N 

NO, 

CaCl, 

CaCO; 


Parameter value when the content of ammonium 
perchlorate in emulsion explosives is: 


8% 10% 15% 
2633.6 2628.2 2610.6 
848 845.8 839.7 
6.75 7.03 Taro 
11.1 11.5 12.4 
45.5 45.3 45.0 
17.4 16.8 15.3 
W7 11.9 12.6 
3.8 4.7 7.08 
10.6 9.7 7.6 


Table 8. Physical-chemical and explosive parameters for emulsion explosives containing polymer matrix from SP of 


stage I. 


Parameter 


Heat of explosion, kJ/kg 
Volume of gases, | 
Oxygen balance, % 
Composition of explosion products, %: 
CO 

CO, 

H,O 

N 

NO, 

ALO; 

CaCO; 


Parameter value when the content of stage I SP polymer matrix 
in emulsion explosives is: 


5% 7% 8% 9% 10% 
3704.0 3707.0 3709.7 3712.6 3713.9 
821.6 823.0 823.7 824.5 825.0 
—0.19 252 —3.68 —4.85 —6.01 

0.3 4.4 6.4 8.5 10.5 

13.3 8.6 6.3 39 t3 

45.1 44.7 44.6 44.4 44.2 

23.8 23.5 23.3 232 23.0 

3.4 4.7 5.4 6.1 6.76 

14 14 14 14 14 
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Table 9. Physical-chemical and explosive parameters of emulsion explosives containing polymer matrix from SP of 


Parameter value when the content of Stage II SP 


Stage II. 
Parameter 

4% 
Heat of explosion, kJ/kg 3671.7 
Volume of gases, | 822 
Oxygen balance, % 0.19 
Composition of explosion products, %: 
CO — 
CO? 13.2 
H,O 45.3 
Nə 23.6 
NO, 0.4 
ALO; 3.5 
CaCO; 14.0 


polymer matrix in emulsion explosives is: 


5% 6% 8% 10% 
3715.6 3718.1 3724.8 3603.8 
820.8 821.6 822.7 839.9 
-1.13 -2.51 A29 T.92 

2.0 4.4 932 13.84 

11.0 8.1 2.4 — 

45.1 44.9 44.6 44.2 

23.6 23.3 22.9 22.4 

4.3 3:2 7.0 8.69 

14.0 14.0 14.0 10.8 


Table 10. Physical-chemical and explosive parameters of emulsion explosives with aluminium. 


Parameter value when the content of aluminium in emulsion explosives is: 


Parameter 


2% 
Heat of explosion, kJ/kg 3261.7 
Volume of gases, | 825.9 
Oxygen balance, % 3.45 
Composition of explosion products, %: 
CO — 
CO, 9.6 
H,O 45.1 
N> 21.0 
NO, 6.5 
ALO; 3.8 
CaCO; 14.0 


In the process of manufacturing and while using 
emulsion explosives that contain products from SP 
reprocessing, factors of safe use of the given type of 
explosives were assessed, also the influence was 
assessed of so called “operational” factors on their 
safe use, as well as formation of toxic explosion 
products, in particular, preserving stable ratios of 
ingredients of emulsion explosives during mecha- 
nized manufacturing and loading into boreholes. 

When loading emulsion explosives having a critical 
detonation diameter close to the borehole diameter, 
detonation of emulsion explosives may be interrupted, 
and deflagration processes may begin, being accompa- 
nied with generation of toxic products due to incom- 
plete oxidation of fuel components, and explosive 
properties are lower. The similar situation is found 
when loading strong fracture boreholes with emulsion 
explosives of low viscosity and low thixotropy — 1n this 
case emulsion explosive in fractures burns out to gen- 
erate a large amount of toxic products. All this results 
in poorer characteristics of an explosion and, conse- 


3% 4% 5% 6% 
3562.7 3862.5 4162.7 4295.9 
810 793.9 711.8 768 
2.36 1.27 0.18 —0.91 
— — — 1.6 
9.6 9.6 9.6 G2 
44.6 44.2 43.7 43.3 
21.6 222 22.8 22.6 
4.5 2.4 0.4 — 
Il 7.6 9.4 11.3 
14.0 14.0 14.0 14.0 


quently, in poorer rock mass fragmentation quality. 

The performed thermodynamic calculation proved 
that ERA emulsion explosives containing SP repro- 
cessed products are characterized with low content of 
harmful substances in products of explosive transi- 
tion. The next important stage of development of the 
process of manufacturing of bulk emulsion explosives 
containing rocket propellant designed for mechanized 
borehole loading using mix-pump trucks is experi- 
mental evaluation of emulsion explosives’ impact on 
the atmospheric air, underground water and soil. 

The ecological survey done in the areas of blasting 
works has determined parameters in terms of presence 
and concentration of: in the atmospheric air (carbon 
oxide, nitrogen dioxide, hydrogen chloride); in the 
surface soil (nickel, zinc, copper, lead, nitrates, ammo- 
nium); in surface and underground water (nitrates, 
nitrites, ammonium nitrogen, ammonium perchlorate). 

The ecological monitoring at the stage of ac- 
ceptance tests of ERA brand emulsion explosives 
containing SP was performed during blasting works 
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at mining enterprises developing mineral deposits 
using open-cut and underground mining methods. 
These deposits were characterized with various struc- 
tural, geological, physical and chemical properties of 
rocks, and side by side with ecological problems, a 
series of problems related to industrial applicability of 
ERA emulsion explosives containing SP were solved. 
The results of studies performed in the years 
2007 through 2015 showed that, during blasting of 
ERA emulsion explosives containing SP repro- 
cessing products, in the air environment on blasting 
sites there was neither hydrogen chloride nor orga- 
nochlorine substances. In soil or underground waters, 
no ammonium perchlorate or organochlorine sub- 
stances were found, and the content of nitrate ions 
and chloride ions remains on the level of background 
concentrations and does not exceed maximum- 
allowable concentrations. The analysis of samples of 
air medium done 30 —45 minutes after an explosion 
shows that, due to dispersal, these parameters turn 
back to their initial values as before the explosion. 
The analysis of properties of ERA emulsion explo- 
sives components containing SP reprocessing prod- 
ucts demonstrated that they contain no toxic sub- 
stances. The used components are traditional in com- 


positions of industrial explosives. The analysis of 
characteristics of these emulsion explosives formulas 
proved both their equilibrium in terms of oxygen 
balance and absence of thermo-chemical and thermo- 
dynamic pre-conditions for generation of toxic orga- 
nochlorine and dioxin substances in the products of 
explosive transition of emulsion explosives. 

The results of ecological monitoring prove that the 
formula, conditions of use and manufacture of ERA 
brand emulsion explosives containing up to 10% of 
SP reprocessing products ensure completeness of 
chemical reactions during explosion processes with- 
out generation of toxic explosion products. 

The structural stability of emulsion explosives with 
SP reprocessing products and relevant rheological 
characteristics ensuring the continuity of an emulsion 
explosive charge column have been confirmed. All 
this makes it possible to realize in full the energy 
potential of emulsion explosives containing SP high- 
level processing products with the consumption rate 
of 0.6 to 1.0 kg/m?’ for rock mass blasting (depending 
on rock hardness), with content of toxic substances in 
detonation products being low (less than 1%). 

Cost-and-saving factors for the use of various ex- 
plosives are compared in Table 11. 


Table 11. Economic effectiveness of the use of emulsion explosives. 


Cost of BA Economic effective- 


Volume of BA per Sell price 
’ > er 1000 ness of the use of 
Type of explosives Name of explosives 1000 boreholes oe ae ERA brand EE 
Pes. i Oe) UAH UAH % 
TNT blocks ZTP 800 2000 1600 27.00 43200 — — 
Blasting agents Packaged ERA-R 
(BA) brand EE 070-90 mm 2000 2000 12.33 24660 18540 42.9 
(1 kg each) 
Packaged Ammonite 
Packaged 6ZhV 5000 1000 18.00 18000 — — 
explosives Packaged ERA-R brand 
EE 032-90 mm 5000 1000 11.00 11000 7000 38.9 
pene son Bulk ERA-N EE = 1100 6.00 6000 12000 66.7 


explosives 


The analysis of the readings of Table 11 evidence 
that the use of ERA brand emulsion explosives is 
advantageous not only ecologically but also 
economically. 


4 CONCLUSIONS 


ERA brand emulsion explosives containing SP re- 
processing products having minimum impact on the 
environment have been developed, and the study of 
effect of the developed emulsion explosives on eco- 
systems in blasting areas has been conducted. 


The effect of various high-energy additives (in- 
cluding SP of all stages and SP high-level pro- 
cessing products) on energetic characteristics and 
toxicity of explosion products from emulsion explo- 
sives has been studied. 

The most practical range of SP high-level pro- 
cessing products content in emulsion explosives, 
which ensures energetic characteristics with a min- 
imum impact of explosion products on the environ- 
ment, has been determined. 

The results of performed works have determined 
optimal parameters for the manufacturing process of 
ERA brand emulsion explosives containing SP high- 
level processing products that ensure safe perfor- 
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mance of process operations at all its stages and allow 
the negative impact onto environmental conditions to 
be eliminated when using this type of explosives. 
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Research of drainage drift during overworking of adjacent 
coal seam Cs; under conditions of “Samarska” mine 


V. Sotskov, V. Russkikh & D. Astafiev 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: The scrutiny degree of the determining problem of rational parameters of the development 
roadway support construction in overworking conditions were analyzed. The expediency of conducting ex- 
tensive scientific researches using the computer simulation by finite element method. A series of calculations 
on the approaching the working face to the development roadway in elastoplastic formulation, taking into 
account the physical and mechanical properties of rocks and layered rock mass were conducted. On the basis 
of the obtained data, rational parameters of fastening system for this type of mine working that is confirmed 


with additional researches are developed. 


1 ACTUALITY 


Characteristic of conducting mining operations on 
mines of the Western Donbas is development of the 
suite consisting of three-six couples pulled together 
layers with parting height less than 12m. In such 
layers about 40% of balance stocks of mines that are 
presented by mainly thin and very thin seams with 
thickness 0.6—1.2m with seam inclination 
3 — 5 degrees are concentrated (Sally et al. 2014). 

One of the most indicative examples are the diffi- 
culties which arose with working off 3 blocks of 
Mine Management “Samaraska” PJSC “DTEK Pav- 
lohradvuhillia” including C; and C’, seams with dis- 
tance between 8 — 12 m. 

For assignment of strong water inflow during col- 
lapses of the main roof (30— 60 m*/hour) from an 





extraction site it was carried out drainage ventilation 
roadway on C, layer at a depth of 8 —9 m from coal 
seam C; (Figure 1). 

Drainage ventilation roadway (DVR) will serve 
not only for branch of water inflow during mining 
of seam Cs, but also as a drainage roadway during 
mining of seam Cy. Therefore, preservation of its 
cross section for mine is extremely important. 

A number of technology factors has impact on sta- 
bility of development. First, water, which on drainage 
wells arrives in roadway from the overlying horizon, 
promotes a slaking of rocks of the soil and provokes a 
heaving, secondly, the part of the extraction columns 
fulfilling coal layer passes directly over roadway that 
leads to hit of development in a abutment pressure 
zone ahead of a face. 
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Figure |. Relative position of drainage ventilation roadway (DVR) of seam C; and DVR of seam C4. 
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As a result, there is a situation when the choice 
of rational parameters of system of fastening of a 
drainage roadway can’t be carried out according to 
recommendations for maintenance of development 
mine workings. It is necessary to develop the new 
parameters, which are completely answering to 
specifics of carrying out development in difficult 
mine-and-geological conditions taking into ac- 
count influence of an overworking and the ac- 
quired water content. 


2 TASK ASSIGNMENT 


During mine supervision of a condition of a drain- 
age ventilation roadway of seam C, (DVR) mine 
“Samarska” it is established that during long use of 
mine working in difficult hydrogeological condi- 
tions, and also intensive rock pressure during min- 
ing considerable reduction of section of develop- 
ment happened longwall of overlying C; layer. On 
the specified site of the drainage ventilation road- 
way support lost the bearing ability, the area of 
cross section doesn’t correspond to the demanded 
parameters, a condition of a railway line the unsatis- 
factory. It was necessary to make refastening of its 
separate sites (Figure 2) for further safe operation of 
development. 

On the basis of data on refastening of develop- 
ment it is possible to draw a conclusion that the 
initial system of fastening couldn’t provide effective 
maintenance of development throughout all service 
life. However, despite compliance of the passport to 
normative documents, even within a straight section 
of development in different places different schemes 
of installation are applied fix. The installation step 
changes, type fix, are selectively applied an anchor. 
Obviously, there is no uniform approach to a choice 
of rational parameters of fastening of this kind of 
developments. 

On Figure 3 the condition of a drainage ventila- 
tion roadway at the time of pass over it a stoping 
faces presented. In general, development kept the 
functions for the admission of air and reception of 
water from the overlying horizon. However, use 
of a rolling stock, and also pass of people it is 
complicated. Influence of mountain pressure upon 
development led to deformation of a contour, 
situation ally established racks fix strengthenings 
significantly didn’t correct a situation. As a result 
of inrushes of rock the grid is deformed. Strong 
water inflow, which provokes a slaking of rocks 
of the soil that leads to loss of integrity of a rail- 
way line, and also a flash of racks frame has the 
greatest impact fix. 
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Figure 2. A condition of the DVR in the course of refas- 
tening: a — before; b — after. 





Figure 3. Condition of DVR during re-bolting. 


The analysis of the existing approaches to carry- 
ing out developments in the conditions of an over- 
working showed that completely there are no regu- 
lations at the choice of location of mine working in 
the massif of rather overlying coal layer. 

Decisions on a venue of mine working are made 
on the basis of rational proposals of technical offic- 
ers of the enterprise. The unforeseen emergencies 
connected with discrepancy of system of fastening 
to the demanded parameters for maintenance of 
stability of development during all term of work 
result that in turn causes relevance and carrying out 
additional researches of the presented problem. 


3. COMPUTING EXPERIMENT CONDUCTING 


Very ample opportunities for the solution of similar 
tasks has a program ANSYS complex (a product of 
ANSYS Inc.), having method of finite elements 
method as a mechanical and mathematical basis and 
possessing expanded computing opportunities. The 
complex allows to solve a wide range of engineering 
tasks, including definition of the intense deformed 
condition of designs (Fomychov et al. 2014). 

The considered model (Figure 4) consists of 25 
rock layers, thus height of model is equal to 48.2 m. 
Power and physic mechanical properties of each 
layer completely correspond to the geological fore- 
cast for the 547th longwall of seam Cs. 

Width of model id equal to 290 m that includes 
directly a longwall (230 m), extraction entries, and 
also sites of earlier fulfilled longwalls on 25m 
from each party. In a roof over the fulfilled 
longwalls, and also round extraction mine work- 
ings of joint-block zone displacement with split- 
ting rock layers into blocks with various sizes is 
modelled. At a depth of 9m from coal layer and 
on removal 18 m from a first line of model it is 
simulated Drainage ventilation roadway. Accord- 
ing to the passport of fastening of a drainage 
roadway it was simulated frame and anchor sup- 
port. Depth of model made 55 m. The mechanized 
complex was modelled in the form of the continu- 
ous rectangular block by width 5m and height 
1m. Worked-out area is filled with the brought- 
down rocks simulated in the form of the continuous 
block with the strength characteristics corresponding 
to the destroyed massif (Russkikh et al. 2013). 

At approach of a stoping face there is an asso- 
ciation of a frontal abutment pressure zone ahead 
of a face and in development sides. Therefore, 
there is a distribution of the squeezing tension in 
the range of 7—10MPa on the considerable 
square of the massif. 
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Figure 4. Diagram of tension intensity o of the rock massif 
during overworking of DVR: (a) 14 m from a stoping face 
before mine working; (b) 7 m from a stoping face before 
mine working; c) stoping face is at the level of the central 
axis of mine working. 


This area occupies all space between coal layer 
and development and reaches 10—12m in width 
and approximately as much in height. Thus, the 
increase in intensity of a heaving of rocks of the soil 
in development that is characterized by increase in 
concentration of the stretching tension is noted. 

Diagram of tension intensity (Figure 4) reflects 
the fullest picture of stress-strain state (SSS) of rock 
massif. The frontal abutment pressure zone ahead of 
a face extends on height to 10 m and width 5— 7m 
with a characteristic bias in a roof towards the 
worked-out area, in connection with a flash of rocks 
of a roof in the formed cavity. Concentration of 
tension increases from 20 to 30 MPa and above, 
depending on a site. 

In the main roof over the worked-out area there is 
a formation of block structure on height to 12 capac- 
ities of the taken-out layer. It is followed by in- 
crease of tension over 25—30 MPa that exceeds 
strength for these rocks. In sides of mine working 
abutment pressure zones reach to 5—7m in height 
and 3—5m in width, at concentration of tension in 
the range of 15 — 20 MPa. Thus, there is an associa- 
tion to a frontal abutment pressure zone ahead of a 
face in this connection, lying between coal layer and 
mine working, layers are affected by tension intensity 
o about 10 MPa. In a roof and the bottom of mine 
working unloading zones were formed. 

For receiving a full picture of SSS influence on a 
massif of mine working, it is necessary to analyze a 
condition of the frame and anchor fastening estab- 
lished in a roadway. For this purpose, we use dia- 
gram of tension intensity o for three main stages of 
calculation (Figure 5). 

For start we will consider frame support, which 
racks, at all three stages of calculation, are considera- 
bly loaded. It is connected with pressure of side 
rocks, and also in connection with transfer of pressure 
of a cap board through a pliable element. Tension is 
in racks on limit of strength of steel of 270 MPa. 
A cap board fix at the first stage of calculation 
(Figure 5, a) is exposed to tension which isn’t exceed- 
ing 200 MPa, thus the area with higher concentration 
which is localized with shift aside, opposite to ap- 
proach of a face is already formed now. Asymmetry 
of distribution of tension in a cap board with each 
subsequent calculation only amplifies, thus the sizes 
significantly don’t change, occupying 2—2.5 items, 
unlike tension which increased to 270 MPa. 

Side an anchor are loaded rather poorly, tension 
exceeding 100 MPa isn’t recorded. An anchor, es- 
tablished in a roof, participate in development 
maintenance process more effectively. At distribu- 
tion of tension, there is an asymmetry, similar with a 
frame, shift of tension to the opposite side of ap- 
proach of a clearing face. 
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Figure 5. Diagram of tension intensity o fastenings of mine 
workings in the conditions of water content: (a) 14 m from 
a stoping face before mine working; (b) 7 m from a stop- 
ing face before mine working; (c) stoping face is at the 
level of the central axis of mine workings. 


In the field an anchor at 80% of the length are ex- 
posed to tension in the range of 180 — 220 MPa. In 
separate places, it is obvious in places of formation 
of longitudinal cracks in the massif and rock dis- 
placement relatively each other, there is an increase 
of tension to the maximum 270 MPa that lead to 
possible deformation of a steel midstream in this 


site. Three anchors from approach of a face are 
loaded rather poorly, at the level with side anchors, 
tension doesn’t exceed 120 MPa. 

The received results allowed to get the fullest pic- 
ture of SSS of the massif and fastening of develop- 
ment in the conditions of an overworking. On the 
basis of experiments it is possible to define short- 
comings of the applied system of fastening that will 
be the basis for development of the rational scheme 
of fastening the overworking mine workings with 
taking into account all parameters with high degree 
of objectivity. 


4 TECHNOLOGICAL PART 


Recent trends of development geomechanics re- 
searches directed on maintenance of mine workings, 
which are in a zone of influence of stoping opera- 
tions are directed on the accounting of all factors 
influencing stability of mine working. It is unam- 
biguously established that such approach to mainte- 
nance of mine workings when the massif is consid- 
ered separately, and fastening elements separately, 
has no right for serious consideration. A number of 
theoretical works and mine experiments confirmed 
that frame support doesn’t carry out the direct func- 
tions until the contour of development doesn’t start 
putting pressure upon a frame. As a result, mainte- 
nance of development begins only after the begin- 
ning of active process of displacement of breed in 
development that reduces overall performance most 
fix that could constrain this process even at the time 
of its development. This shortcoming partially de- 
creases by increase of culture of production, quali- 
ties of installation fix, and uses of wooden, never- 
theless, it is rather half measures which don’t yield 
necessary result. 

Use of anchor fastening in the basic is also di- 
rected on correction of a shortcoming frame fix also 
its addition. Drilling of shots directly in the sur- 
rounding massif with installation in them of steel 
fittings, and also use the resin-grouted materials 
showed the efficiency in practice. Creation by 
means of anchors, so-called “support plate” in a 
development roof, allows to reduce partially pres- 
sure upon a frame support, and also interferes with a 
chaotic collapse of rocks in development. 

In the conditions of the soft flooded rocks of the 
Western Donbas an optimum condition is use of a 
combination of two main types of fastening. Thus 
the technique that allows to unite anchor and frame 
support in the uniform cargo bearing system by 
means of rope communications (Sotskov & Saleev 
2013) perfectly proved. As a result of an anchor, 
fixed in the massif are used for increase of effect of 
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resistance of a frame to pressure of rocks, relying on 
strength properties of the massif. Completely closed 
structure, which is most effectively supporting a 
development contour, turns out. 

Not less important the factors influencing fas- 
tening work are the installation step, number of a 
special profile and type frame fix, use of pliable 
elements, length and type of anchors, and also the 
scheme of their arrangement. Successful operating 
by the listed factors, allows to increase significant- 
ly overall performance of fastening and to reduce 
metal consumption of a design that is considerably 
reflected in cost of fastening of running meter of 
mine working. 

Each change in system of fastening underwent 
testing by carrying out computing experiment by 
results of which it was possible to give the corre- 
sponding assessment to efficiency of its work. De- 
pending on result calculation repeated taking into 
account amendments, or there was a transition to 
consideration of the following element in case of 
positive result. 

Some schemes of an arrangement of anchors 
(Figure 6) were developed for search of optimum 
parameters of the unit of anchor fastening. When 
developing schemes were considered not only re- 
sults of calculation of the VAT of the used system, 
but also feature of operation of overworking mine 
working which is exposed to influence of passing of 
a clearing face, atypical for preparatory develop- 
ments, in a roof. According to calculation of the 
SSS for these schemes, the comparative analysis by 
results of which it is established was carried out that 
the most effective is use of the scheme in Figure 6. 

Use of a combination the resin-grouted and rope 
anchors allows to maintain more effectively rocks of 
the main roof for decrease in influence on beam 
frames. There was an opportunity to refuse side 
anchors, which were poorly loaded, by installation 
the resin-grouted anchors under rope as the main 
load of fastening occurs at the time of passing of a 
stoping face that provokes intensive pressure in a 
development roof, thus sides are loaded less. 


5 CONCLUSIONS 


Analysis of system of drainage ventilation roadway 
fastening of Mine Management “Samaraska” during 
mining of working by stoping face. By results of 
computing experiments series, the analysis of SSS of 
the used system of fastening 1s carried out. Shortcom- 
ings of this system work are established. On the basis 
of the obtained data, rational parameters of fastening 
system for this type of mine working that is con- 
firmed with additional researches are developed. 
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Figure 6. Experimental schemes of an arrangement of anchors for drainage ventilation roadway. 
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ABSTRACT: This article 1s accentuated on the civilizational significance of the first industrial metals 
discovery, it reveals the prerequisites for the development of ores and the main stages of metals mastering 
connected with centuries-old experience of the previous mining activities of mankind. The authors sug- 
gest the hypothesis that the metallurgy was born in the depths of sustainable communities of archaic 
miners, which were motivated by not only utilitarian but also sacral factors. A new hypothesis is exam- 
ined in comparison to the established versions of accidental discovery of metals. Key phrases: history of 
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cults, irrational traditions. 


1 THE PROBLEM AND THE STATUS 
OF ITS STUDY 


The phenomenon of discovering and development 
of the first metals has always been considered as 
one of the most important stages of the mankind 
civilizational growth. However, the continuous 
absence of any archaeological artifacts and the 
inability to use written sources (the birth of metal- 
lurgy outstripped and perhaps defined the conditions 
of the invention of writing) led to the hypothetical 
explanations for the processes of metals and metal 
appearance, which were based solely on the con- 
cepts and logic of their authors. This basic thesis 
was that the early humans randomly were witnesses 
of an unexpected melting of metal from ores in a 
home fire or forest fire and after this hint of nature 
they started a self-dependent metallurgical activity. 
At the beginning of the 20" century these hypothe- 
ses were set out in the fundamental papers (Borhers 
et al 1901, Kramer 1904) and the history books. 
From the second half of the 20th century archeology 
of metals begins to accumulate numerous artifacts 
that detailed stages of development and historical 
geography of metals (Chernykh 1972, Hauptmann 
2000). Some archaeological works marked the 
frequent use of sacral factors among the primary 
miners (Chernykh 1972, Hauptmann 2000, Babel 
2008, Kargala 2002). The authors made an attempt 
to explain the close relationship between the for- 
mation of sustainable mining communities, sacred 
worship and a birth of mining and metallurgical 
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technology in several previous works that explored 
the phenomenon of primitive mining activity (Gaiko 
2012, Gaiko 2009, Gaiko & Biletskyi 2013). 
Formed on their attempts hypothesis stands to the 
attention of the reader. 

The purpose of this article is an analysis of possi- 
ble ways of discovering the first metals, the assess- 
ment of the impact of sacral components on mining 
and smelting activities motivation and organization, 
the reasoning of the new metallurgy birth hypothe- 
sis, which answers some questions that could not be 
solved within the framework of other hypotheses. 


2 THE PRESENTMENT OF THE MAIN PART 


It is hard to overstate the importance of a compre- 
hensive meaning of the metals discovery in a human 
civilization progress. The ore mining supplied it with 
fundamentally new materials that had previously 
unknown properties (ductility, melting) and im- 
portant advantages (ability to change its shape, high 
toughness, operational durability). That not only 
effectively improved the available types of stone 
tools, but also created entirely new types, which 
opened opportunities for a technological progress. A 
famous American anthropologist L.H. Morgan said: 
“When a barbarian, moving forward step by step, 
discovered the native metals, began to melt them in a 
crucible and cast in a mold; floated native copper 
with tin and created bronze and ultimately, even 
through the greater effort of thought he invented the 


furnace and pulled out iron ore — nine-tenths of the 
struggle for civilization was won”. 

Simulating ancient production processes, the re- 
searchers compared the effectiveness of using stone 
and copper tools. As a result, they concluded that 
productivity increases in case of using copper tools 
for felling trees — 3 times, for cutting — 6 — 7 times, 
for drilling — 22 times (Semenov 1968). Metal tools 
had the particular importance in agriculture, where 
they greatly accelerated the cultivation, harvesting 
and construction of irrigation systems. More proper- 
ties of metals were needed for the manufacturing 
process of weapons, including its new type — swords. 

The emergence of wars, conquering tribes and 
peoples, the establishment of government became 
possible largely due to the advantages of copper 
weapons. One of the results of the mining and met- 
allurgical industry formation process had become an 
international division of labor and an extensive 
development of ancient world communication sys- 
tem on its basis (transport of ores, metals and prod- 
ucts of them). Search and development of new fields 
promoted the migration, population and develop- 
ment processes of distant lands. Metals also had a 
considerable impact on trade, as they were the first 
universal equivalent for commercial exchange. 
Civilization changes caused by the mining and 
metallurgical activities had a global nature and 
combined both technical and social components of 
society development (Gayko & Biletskyi 2013). 

The unique phenomenon of learning and master- 
ing ores and their metallurgical processing is one of 
the highest and mysterious collective manifestations 
of human genius. “Why did this happen? Why do 
human beings do not live today as they did in the 
Mesolithic period?” — raised the question a research- 
er of primitive man R. Braidwood. The answer on 
that question, which is still formed by historical 
science, 1s the cornerstone of human history. 

An example of “inertia of thinking” according to 
the authors is the centuries-old hypothesis of the 
random nature of the discovery of metals, which 
claimed the dubious (on our opinion) idea that the 
birth of metallurgy is connected with observing of 
rare random events of copper ore melting that 
suddenly landed in a primitive man’s fireplace. 
The discoverers of metal, according to this version, 
could be ancient hunters or ranchers who unex- 
pectedly witnessed an accidental copper melting. 
Most of the modern historical reconstructions are 
still revealing the version of “how a shepherd 
became a miner”. 

The authors consider that this version cannot an- 
swer the basic question of R. Braidwood, why for 
tens of thousands years of Homo sapiens activity 
there were no “cases” of an accidental copper melt- 
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ing till Neolithic. Finding the answer on a difficult 
question “Why?” we have tried to study the problem 
from a different angle and set in the middle of the 
research another question, “Who?” — Who could be 
a discoverer of metallurgy? 

The importance of this issue substantially growth 
considering the limited number of possible centers 
of metallurgy origin. Archaeological evidences of 
the recent decades localized the occurrence era of 
metallurgy (IX — VIII millennium BC) to the few 
centers in the eastern and central parts of Middle 
East. Later (VI — V millennium BC) a powerful 
copper development center formed in the Balkans, 
and a thousand years later — in the South Caucasus. 
This “historical geography” divided researchers in 
mono- and poly-centrists. The first ones consider 
that the development of copper occurred in a single 
center from which the mining and metallurgical 
knowledge was distributed (“diffused”) on a broad 
band around the Black Sea and the Middle East. The 
second ones defend the hypothesis of generation of 
metallurgy in three or four separate centers with the 
following spread on the nearby and remote areas. 

As we can see, only inhabitants of a several re- 
gions could participate in the initial development of 
metals. The presence of the rich copper ore deposits 
near the surface was a necessary but no a sufficient 
condition for their discovery. 

It is also noteworthy that the termination of the 
ancient copper deposits operation was almost 
always connected not with the exhaustion of 
stocks, but with the resettlement (or destruction) of 
the population, which owned a mining and metal- 
lurgical expertise. The most typical example is the 
development history of a powerful Karhalynsky 
deposit in the Southern Urals (Kargala 2002). 
During III — If millennium BC it was one of the 
richest copper mining centers in Eurasia (on the 
territory of size 50 by 10 km researchers discov- 
ered about 30 thousand mine shafts, most of which 
was considered as primitive mines). At the end of 
the IT millennium BC for unknown to us reasons 
experienced in ore mining tribes abandoned these 
numerous mines. After them for three thousand 
years all nations that lived in these lands were no 
longer able to master the development of local 
ores, despite the fact that thousands of mine shafts 
basins indicated rich deposits. The complexity of 
this task show the sheets of Ural mining plants 
head G.V. de Gennin to Peter I, in which he points 
out that Saxon masters cannot smelt Uralian cop- 
per ores advises to invite masters from Hanover 
and Mansfeld, “which are able to smelt the shiver 
ore’. Despite the participation of renowned spe- 
cialists and personal control of top officials “ore- 
smelting industry in Russia started incredibly hard 


and strained, it was new and very complicated 
business” (Pavlenko 1962). 

This example shows clearly enough how difficult it 
was to develop the ore deposits and to get a metal 
even for the experts of eighteenth century and how far 
from scientific truth is an illusion that the copper 
business opening was rapidly and easily accessible for 
primitive people who lived in the copper-rich area. 

To find out who were the possible “authors” of 
metal discovery, we should assess the probability of 
random events of copper-melting and their role in 
the problem of development of metal. Unfortunately 
for “lovers of simple solutions” the melting proba- 
bility of even a fusible metal copper ore in the usual 
fire is very low (insufficient temperature). The 
researchers conducted hundreds of experiments that 
proved impossibility of metallurgical copper ore 
smelting without a purposeful air blowing into the 
fire. In exceptional cases where the ore was caught 
in the kiln for firing ceramics or in a huge forest 
fire, the required temperature (700 — 800°C) could 
be achieved, but it is not sufficient condition of 
metal smelting. An important factor is a presence of 
a special environment that demanded a comprehen- 
sive contact with charcoal. 

Let us suppose that an extraordinary case brought 
together all the necessary conditions. In this case in 
the fire would have been discovered not bars or 
lumps of metal but only small drops of copper, 
inseparable from the ore, and even under a layer of 
ash. Even if they were found, they could not say 
much to an ignorant man and an attempt to replicate 
the melting in normal fire would probably ended as 
a failure. These considerations give a rise to the 
motivated doubts about random nature of copper ore 
discovering, which serves as an established version 
of the metal discovery. The hypothesis of successful 
ore searches by ignorant people also causes doubts. 

It is also important to consider that in addition to 
ore the native metals could be found in the mountains 
and valleys by anyone. Most researchers connect the 
primary use of the metal with the native copper. 
However a native cooper in a separate “stone” could 
be found in a huge quantity. The oldest articles there- 
of are small decorations (charms, beads, etc.). With 
high probability it can be argued that a primitive man 
who accidentally found a piece of copper on the 
earth’s surface would never find the other one for the 
second time. With such a limited amount of metal, it 
is unlikely for a primal man to ponder about new 
production opportunities (if such considerations were 
possible at all for that time “inhabitants”’). 

As you can see, the role of a “random person” in 
the process of metal discovering could not be deci- 
sive. Moreover, the arguments lead to the idea of 
targeted long-term development of metallurgical 
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processes. As L. Pasteur said — “In the fields of 
observation chance favors only the prepared mind.” 

To our opinion, there are a lot of evidences that 
the discovery of metals is connected with the centu- 
ries-old experience of the previous mining activities 
of mankind, distinguishing processes of some spe- 
cific communities of archaic miners (“Hunters of 
Stone) in the Neolithic (and possibly earlier), accu- 
mulation and development of first knowledge about 
metal in these professional societies. Centuries-old 
experience of communities that mined and pro- 
cessed flint, obsidian, pyrite, raw materials for 
mineral paints, etc., formed a special search archaic 
worldview of miners that saw in stones the presence 
of capabilities that were sacred and hidden to a 
human being. At a certain stage of development of 
mining experience (collecting samples of native 
metals and ores, identifying their search attributes, 
styding their properties, the formation of the sacred 
traditions) appeared a creative idea of a new materi- 
al — “malleable stone” and later “fluid stone” (met- 
al). It has been formed and implemented by mining 
communities, which passed it from generation to 
generation for achievement of a rock art in the 
system of special sacral worship. The most ancient 
pit developments of mineral raw materials for the 
manufacture of paints (hematite), steel (pyrite), etc. 
are dated by the period of 35 —40 thousand years 
ago. The underground flint mining started much 
later (there was enough of it on the surface), but in 
IX — VII millennium BC appeared the ancient flint 
mines that solved a range of complex technical 
problems already in Neolithic times. 

It is important to note the scale and the focus of 
mining operations of Neolithic era. Almost every 
large deposit was opened by several thousands of 
mine shafts (depth 20 m) with a network of hori- 
zontal workings (usually — by petal pattern). The 
continuous development of such deposits dates back 
several hundred (sometimes — thousands) of years, 
and there were identified tens of old mining centers 
(we may assume that archaeologists discovered only 
a small part of them), which gives a reason to be- 
lieve in existence of a special sustainable communi- 
ty of miners, who were sedentary, were separated 
from the other tribes with their activity and specific- 
ity of original sacral culture. 

Indirect evidences of the miners’ connection to 
their predecessors who developed stone raw materi- 
als can be observed in similar construction tech- 
niques of Neolithic pits (the usage of “fire way” to 
destroy rocks) in almost identical mining tools 
usage, even in mandatory filling of created space. 
The last typical factor for flint and copper mines in 
the vast areas of Eurasia is especially significant, 
since the very labor-intensive production technology 


is not life-essential (especially filling trunks), it is 
more a reflection of a cultural tradition. Perhaps 
there was a taboo for “wounding” the earth’s sur- 
face, which required “curing” it by returning every- 
thing to the original state (filling cavities with wast- 
ed rock). If ore mining was carried out by people 
who would not have anything to do with flint min- 
ing (societies of random hunters or ranchers) this 
tradition would be certainly interrupted. 

In favor of the copper extraction concept as a single 
mining complex testified numerous archaeological 
excavations of ancient mines that bind ore treatment, 
metal melting, and even metal fabrication tools with 
mining activities. A placing of the oldest metallurgi- 
cal plants near mines, miners settlements, mutual 
placing of metallurgical and mining tools, treating 
and smelting areas give a reason to believe that the 
miners and metallurgists lived for a long time the one 
community that dates back to the Neolithic. As an 
eloquent example of the mining experience continuity 
can serve one of the oldest human settlements — 
Catal-Huyuk (VII millennium BC, southern Turkey). 
Close to two extinct volcanoes, it has been a center of 
obsidian development (volcanic glass) — the best 
weapon material of his time. Archaeological excava- 
tions have revealed deposits of obsidian in many 
buildings of the city, as well as numerous obsidian 
workshops. Exactly in this small village were found 
copper products, copper slag and scale, what confirms 
the possibility of the first copper smelting by the 
same miners, which developed stone. 

Describing the first organizational and ideological 
factors of copper development, it should be noted 
that the interference into the metal’s nature was 
perceived by a primitive man as a mystic, wonderful 
thing. It was filled with symbolism of sacral forces. 
The archaic miners felt themselves in a constant and 
direct contact with the other, invisible world which 
was to them no less apparent than a real one. There 
are many evidences of extremely high value of 
sacral and magic factors in an ancient miners’ activ- 
ity, which are indicating a significant impact of 
ancient magical cult’s servants. 

An objective basis for the emergence and spread- 
ing of these cults was a significantly higher (com- 
pared to other productive activities) role of uncer- 
tainties in the work results of miners, metallurgists. 
It was never known for certain whether the excava- 
tion (the result of hard, long and dangerous work) 
encounters on ore deposits, the ore quality is fine, a 
collapse of the mine won’t happen to the worker 
under the ground, a flooding or fumes happen. It 
was unknown if the metal’s smelting will be suc- 
cessful, if miners will be able to get a desired quan- 
tity and quality of metal. 
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Among the typical examples of sacral worship of 
miners called irrational tradition must be notified a 
filling the mines with a waste rock (as already men- 
tioned); left in the Neolithic mines solar signs as 
mystical appeal to patrons; mining tools cult, which 
“helped” the successful conduct of underground 
works and so on. Also significant are many burial 
places of small ungulates in the mines and on the 
industrial areas (perhaps as a gratitude to the other- 
worldly forces for obtained mineral resources). An 
ancient burial miner tradition is known for burring 
metallurgists with working tools and a rich copper 
ore, which probably was a kind of “calling card” of 
the dead man, when he traveled to another world. 
Archaeologists have reconstructed some magical 
actions (for example, the construction of sacred 
labyrinth of trenches, the use of divination bones, 
etc.) that archaic miners performed to detect depos- 
its for search shafts digging. Ethno-archaeologists, 
who studied the lifestyle of modern human societies 
in conditions close to their original state (the tribes 
of Africa, Polynesia) report that metal melting is a 
subject of many magical rituals: the choice of “des- 
tined by spirits” smelting time; a sanctification of 
melting furnace; anvil worship; numerous taboos 
were always respected by metallurgist and black- 
smiths. Only a few men in the tribe knew the secret 
art of metallurgy (by R. Forbes, “the given by fire 
spirits power to turn stones in metal”). 

We believe that there was a high degree of inter- 
action between archaic miners and archaic priests of 
magical cults. Presumably, this relationship was 
stronger among miners than in other activity fields, 
what leaded to more rapid formation of the ruling 
tribe elite (suspended — priestly caste), since the 
presence of minerals largely determines the richness 
and power of the tribe. 

It is logical to assume that the first mining and 
metallurgical knowledge that was considered as 
magical could be persisted and developed by the 
ancient priestly caste, which was related to mining 
communities, and passed them down from genera- 
tion to generation. Their authority and ceremonial 
activities created an effective consolidation in min- 
ing community to do especially labor-intensive and 
dangerous underground works for numerous repeti- 
tions of complicated attempts to smelt metal (most of 
which did not give the desired result). We do not 
exclude that the invention of air blowing in the 
center of fire of ore, which opened up the possibility 
of melting steel, was associated with magical rituals 
of giving the ore the power, i.e. high-temperature 
regime could be initially invented through “ideologi- 
cal” and not “technological” ideas, but in an envi- 
ronment where both of these factors were very close. 


The factor of sacred worships and their priests’ 
activities in mining communities should be consid- 
ered as one of the prerequisites for the birth of 
metallurgy. If the fact that the sacred practice of 
medieval alchemists helped discover many proper- 
ties of ores, metals and their alloys and get new 
metallurgical technologies (Rabinovich 1979) is 
perceived as obvious, why we expect from the 
primitive communities not sacral, but purely rational 
way of opening of metals’ secrets? Perhaps this 
methodological error stood in the way of accurate 
historical reconstruction of the beginnings of metal- 
lurgy for a long time? 

From the written sources of HI millennium BC is 
known that miners of Sumer was owned and operat- 
ed directly by temple priests. This practice also took 
place in ancient Egypt, where existed a cult of the 
goddess Hathor, patroness of miners. Presumably, 
the projection of such relations can be reasonably 
widespread on the earlier period of social develop- 
ment. Factors of sacral worldview of a primitive 
man and the role of ancient cults’ priests should be 
considered as part of the necessary conditions for 
the metallurgical activities establishment. 


3. CONCLUSIONS 


Prerequisites for metallurgy’s genesis (according to 
the author’s version) lied in the progressive devel- 
opment of mining technology of Stone Age and 
have been associated with the formation of a stable 
cultural community of “mountain people” already in 
the Neolithic who developed the non-metallic min- 
erals mining and accumulated experience for centu- 
ries. In the depths of this community began a delib- 
erate, long-term, and associated with the cult of 
sacral miner’s activity of metals exploration. 

Factors of sacral and magical character and activ- 
ities of magical cults’ priests among archaic miners 
should be considered as a necessary condition for 
the birth of metallurgy, assuming that there were 
not only rational, but also sacral practices aimed at 
the discovery of the mysteries of metal (similar to 
the mystical practices of alchemical historic times). 


231 


It is possible that the invention of air blowing, 
which provided an opportunity of metal smelting 
process discovery, was associated with magical 
rituals of ore testing with the fire of huge power, 
i.e. high-temperature regime could be initially 
created through “ideological” and not “technologi- 
cal” motivation. 

Achievements of archaeometallurgy of recent 
decades add efficiently new evidences to the mod- 
ern idea of the development of the Neolithic revolu- 
tion; allow to separate a well-established communi- 
ty of miners, metallurgists and to put it next to the 
husbandry and pastorally communities as an im- 
portant component of the Neolithic revolution. 
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ABSTRACT: This article represents a methodological approach to restore the capacity of mines and enrich- 
ment plants of Donbas, damaged by military operations. It was offered matrix models of the fuel supply for 
power plants for energy security of Ukraine and reduction of social tension in the coal-producing regions. 


1 SETTING PROBLEM 


Military operations in the eastern regions of the 
country are making their adjustments to the level of 
recovery costs in general and the Donbas coal in- 
dustry in particular. The government estimates the 
loss of several billion hryvnias, and the extent of the 
devastation continues to grow. EU plans to send a 
special mission to Ukraine for inventory and as- 
sessment of damage and render possible support. 
Obviously, in general plan of returning east Ukraine 
to life, should include measures to restore the coal 
industry. It should be emphasized that at the coal 
mines was seen a serious outflow of young staff of 
leading professions. If the coal industry is recog- 
nized as a guarantee of energy security, then the 
need for training also will require corresponding 
budgetary costs. Resumption of enterprises in Don- 
bas and, above all, the coal industry provides resolu- 
tion of social issues that are caused by: 

— first, a significant share of social expenditure in 
total expenditure on repair of mines corrupted by 
war State; 

— second, the large difference between the actual 
financing and needs of the industry to support each 
ton of production capacity; 

— third, the negative impact of past restructuring 
the socio-economic situation of the mining mono- 
functional towns, manifested in increasing unem- 
ployment, lower industrial production and low in- 
come in population of these cities. 

Today in Ukraine — 450 cities, 344 of them are 
classified as small; their population is less than 
50 thousand residents. In general, they are about 
6.5 million people, or 13.5% of the total population. 
Only 7% of small towns feel more or less comforta- 
ble. All others belong to the so-called depressed 
because they are classified as monofunctional set- 
tlements whose lives provide one or two industrial 
enterprises. Turning to specifics, the main problems 
that concern citizens of Shakhtarsk, Dzershynsk, 
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Ukrainsk, Torez, Snizhne and many others, are low 
income (50.3% of respondents) and unemployment 
(Vagonova 2005). 

Employment still remains a major unresolved is- 
sue in the Donbas. If we solved it, possibly, we 
would avoid many problems. Thus, to the question 
of what most cities are missing to improve their 
lives, the vast majority of respondents (48.6%) indi- 
cated that they do not have the financial resources 
for social support and investment in the city's econ- 
omy (22%). Today depressed areas include settle- 
ments, which since 1996 have coal mining and pro- 
cessing enterprises liquidated or are being liquidat- 
ing. A striking example of such territory in the Do- 
netsk region may be Snizhne city, where since the 
dawn of independence operated seven mines. To- 
day, only one left, and unemployment reaches 75%. 
The same situation exists in Torez, where out of 
13 mines are only three, and they were stopped after 
being damaged by military action (Without coal...). 

Thus, state support for coal-producing Donbas re- 
gion, where most of the population is connected 
with the work of coal mines, will be directed to 
achieve full employment. Moreover, due to shortage 
of budget funds targeted investment is needed, 
means the choice of the region, assessments of its 
decline and promising coal mining assets in terms of 
quality coal reserves. 


2 ANALYSIS OF RECENT RESEARCH 
AND PUBLICATIONS 


Analysis of researches, related to the social prob- 
lems of the coal industry of Ukraine, contains main- 
ly statistical data on mines of Donetsk coal basin 
without a comparative analysis of the social situa- 
tion of workers of coal enterprises within particular 
coal-producing regions. It should be admitted that in 
the works from experience analysis of the restruc- 
turing of the coal industry are no recommendations 


for modeling processes of mines in the area of ex- 
panded reproduction (Amosha et al. 2002, Pivnyak 
et al. 2004, ). Several studies suggested methods of 
predicting mobility of mine workers, but no calcula- 
tions not only for individual mines, but also for 
cities or regions (Buts & Gerasymova 2007, Sally et 
al. 2014). The last makes it possible to predict the 
level of employment potential immediately at the 
regional level and will promote interregional indus- 
trial units, which is prospective for the economy of 
Ukraine. Thus, determining the cause and effect of 
relationships forming the depression state of the 
regional economy and mining towns is the basis for 
evaluating the effectiveness of the reconstruction 
process of the coal industry. 

Several concepts of impact on social state of 
Donbas coal-regions in terms of interference conse- 
quences of the mines, enrichment plants and power 
plants are presented in this work. 


3. THE WORDING OF ARTICLE PURPOSE 


The aim of this work is a generalization and devel- 
opment of scientific and methodological founda- 
tions, development tools and algorithm for modeling 
interference of population living standards in coal- 
producing regions and stability of mines and power 
plants work. 


4 THE MAIN MATERIAL 


In the current situation thousands of people, lost 
their jobs, are forced to seek refuge in other regions 
of Ukraine or abroad, need state protection to 1m- 
prove social status. More than others suffered work- 
ers of coal mines in the eastern regions. 

Unfortunately, for many years during the plan- 
ning of development of individual regions dominat- 
ed industrial approach to the assessment of mines 
when all 130 companies were considered as objects 
of industrial production. This resulted in unilateral 
solutions to many issues related to the distinction of 
regional social policy. Today we need a new ap- 
proach, connected with European integration, mean- 
ing adjusting existing terms of the assessment of 
coal mining assets, which always considered in 
isolation from the social and demographic block 
issues. It should be noted that the degree of social 
location of Ukraine mines is very different: from 
locations in big cities, to separate, remotely located 
villages. In other words, the mine should be consid- 
ered also as socio-demographic feature (Amosha & 
Yashchenko 1999). 
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With regard to the situation of restoration of, im- 
paired by war, social stability and coal-Donbas re- 
gion potential a multi-layered distributing problem 
should be considered. The essence of this problem: 
by the end of the planning period in spatially sepa- 
rated points of a given region it should be restored 
the company to be considered as a source of energy 
and as electricity consumers. There are options for 
recovery mines’ potential and their maximum pos- 
sible power is known. 

We introduce the following notation: Ke = Vole 
ume of deliveries of coal i-th mine to the j-th power 
plant; X — electricity supply from the j-th power 
plant; s-th consumer; Xj — unused capacity /,-th 
mine; f, — the cost of producing | thousand tons of 
coal in the i-th mine; f; — the costs of producing 
1 million kWh/h of electricity j-th by power plant; 
u; — the cost of transporting 1 ton of coal from i-th 
mine to the j-th power plant; 2; — power losses and 
costs of transmission of the j-th power plant to the 
s-th user; M;, Mj, M>; — the maximum possible ca- 
pacity respectively of mines, power plants and pro- 
cessing plants; Ds — demand of s-user; y; — need of 
i-th mine in electricity; l; 4;— respectively produc- 
tivity at the i-th mine and enrichment plant; Lp — the 
working-age population in the region. 

The problem is described by the following system 
of relations. 

To minimize: 


n n i , , , 
= 1 2j 2j 2j 
F=} 2| tup +A; kK, ap 


i=l j=l 


nan 
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The best indicator of a region is the living level of 
its population. Living level is complex. The core of 
it is the level of cash income. However, this level is 
also heterogeneous, as it includes income from pro- 
duction and not production activities. Ultimately, 
they are directed to necessity to ensure all members 


of society with a certain standard of living no worse 
than in other regions. In this sense we should talk 
about balanced development of coal-regions. These 
requirements are implemented in production of each 
region, which is a specific territorial economic 
complex. It provides the most efficient development 
of productive forces in order to best meet the needs 
of the country in the finished coal products, pro- 
duced in the region, and meet local needs. These 
highlights of planning regions' economic, differ by 
monofunction — coal mining. 

Built on the model (1) — (6) matrix (Figure 1) al- 
lows us to formulate a number of important princi- 
ples of stabilizing the situation in a particular region. 


Fuel electricity 
consumers 


Power plants 
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Electricity consumers 


Mines 


Power plants 





Figure 1. Matrix of incidents “mine — power plant”. 


The essence of these principles is to replace posi- 
tive feedback (the larger the mine produces coal, the 
more electricity it needs) with two consecutive neg- 
ative bounds (the larger the mine produces coal, the 
less unused capacity and the less unused capacity of 
the mine, the more power it needs). 
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Figure 2. Matrix of incidents “mine — preparation plants — 
power plants”. 


On the Figure 2 is considered a more complex case, 
where the scheme included along with mines enriching 
plants, which are provided with electricity from the 
same power. Unused capacity of these plants should 


play a dual role here: first, to ensure consistency be- 
tween the number of unenriched coal, supplied to the 
factory, and enriched coal shipped from the factory; 
secondly, to reflect the real energy needs of plants. 
Solutions of this type of distribution problems 
with additional constraints like type X; = X, usually 
performed by block methods (Takha 1985). 


5 CONCLUSIONS 


Restoration of the coal industry requires extraordi- 
nary measures by the state of social policy and im- 
provement the structure of mine stock through de- 
veloping exactly profitable reserves, a category of 
which is still limited in Ukraine. 

Any approach to the assessment of coal- 
producing regions of Donbas production should 
ensure full employment. Currently, this situation is 
particularly fundamental because decline in Ukraine 
economic security is unacceptable due to deficiency 
of energy. 

A better indicator of any coal-region is the living 
level of the population that live in there, meaning 
population cash income from productive and non- 
productive activities. 


REFERENCES 


Vagonova, A.G. 2005. Economic problems connected with 
Ukrainian coal mines maintenance and investment. 
Dnipropetrovsk: National Mining University: 287. 

Without coal... 2014. Facenews. [Electronic resource]: 
http://www.facenews.ua/articles/2014/248922/. 

Pivnyak, G.G., Amosha, A.I, Yashchenko, Y.P. et other. 
2004. Reproduction of mine fund and investment processes 
in coal industry of Ukraine. Kyiv: Naukova Dumka: 331. 

Amosha, A.I., Ilyashov, M.A. & Salli, V.I. 2002. System 
analysis of a mine as investment object. Donetsk: IEP 
NAS of Ukraine: 68. 

Buts, Y.V. & Gerasymova, I.Y. 2007. Labour efficiency 
in coal mines. Dnipropetrovsk: National Mining Uni- 
versity: 156. 

Sally, S., Pochepov, V. & Mamaykin, O. 2014. Theoretical 
aspects of the potential technological schemes evalua- 
tion and their susceptibility to innovations. Progressive 
Technologies of Coal, Coalbed Methane, and Ores Min- 
ing. The Netherland: CRC Press/Balkema: 479 — 483. 

Amosha, A.I. & Yashchenko, Y.P. 1999. Regions are the 
most important component of the structure of market 
economy control. Donetsk: IEP NAS of Ukraine: Indus- 
trial economy, No 2(4): 3 — 9. 

Takha, H. 1985. Introduction into operational research. 
Books one and two. Moskva: Mir: 479. 

Bondarenko, V., Symanovych, G. & Koval. O. 2012. The 
mechanism of over-coal thin-layered massif defor- 
mation ofweak rocks in a longwall. Geomechanical pro- 
cesses during underground mining. The Netherlands: 
CRC Press/Balkema: 41 — 44. 


235 


This page intentionally left blank 


Theoretical and Practical Solutions of Mineral Resources Mining — Pivnyak, Bondarenko & Kovalevska (eds) 
© 2015 Taylor & Francis Group, London, ISBN: 978-1-138-02883-8 


On influence of additional members’ movability of 
mining vehicle on motion characteristics 


K. Ziborov & S. Fedoriachenko 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: The paper is devoted to mining rail vehicle motion stability while motion on the rail track of 
steady and transient curvature. Several kinematical schemes of mining locomotives are studied. Assumed, 
that the most dynamically stable is locomotive with pin-joint coupling design. In addition, additional local 
movability of wheel set can increase safety factor as well as sectional conception of locomotive chassis. Sub- 
stantiated, that local movability within locomotive chassis’ coupling can increase safety factor and reduce 
the dynamical forces acting on the rail track. The research of mining motion stability provided in the paper. 
Substantiation of additional kinematical movability of mining vehicle elements is studied. 


1 INTRODUCTION 


The tendency of increasing an adhesion weight of 
locomotives up to 10 — 14 (28) ton (Bilichenko et al. 
2005) in order to haul more heavy mining tub in- 
duced significant growth of static loads on the rail 
track. Because of the fact, that existing mining rail 
tracks have been design for much lower locomo- 
tives’ weight, increased axial loading on the rail 
track elements rocketed up to 1.5 — 2.5 times and for 
mining tub 7 times more. However, while so huge 
increase of masses, axial loadings, motion speed and 
freight flow, modernization of rolling stock have not 
been provided. 

The force interaction character and coupling class 
of mining rollingstock elements suppose the usage 
of the lowest kinematical pairs. At the same time, 
the dimensions of machines’ elements can vary ow- 
ing to wear and gap adjusting within kinematical 
pair, elastic deformations, heat expansion, mistakes 
while mounting and repair, etc. Thus, it is obligatory 
to choose such mechanisms’ scheme when the re- 
quirements for accuracy will be not so high. 

The statically determined mechanisms requires 
the properties where member are self-excited, with- 
out odd joints. Such member linkage induces reduc- 
tion of dynamical loading and growth of motion 
safety. It happens owing to additional movability of 
construction elements, while the linkages, with ap- 
pear a kinematical pair, takes stable space position. 
They trace the variable trajectory and do not induce 
additional force disturbance. 

As a output element of the mining rolling stocks’ 
majority used to account a wheel, which develops a 
frictional pair with rail while motion. The wheel set 
parameter must meet the requirements of optimality 
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both in wheel function as a support rod to take the 
weight of the locomotive and transmit it on the rail, 
and the tractive element for generating the traction 
force to overwhelm the motion reaction. These re- 
quirements are contradictory, that measures the de- 
sign parameters both the chassis and mining vehicle 
in general (Garg & Dukkipaty 1984). 

At the other side, the wheel as an support rod, 
might trace the trajectory while motion on the rail 
track, which can not be linear in vertical surface, 
that induces dynamical load component in all vehi- 
cle components. An additional loading factor is that 
the wheel must trace horizontal trajectory either that 
causes constant lateral interaction (Garg & Duk- 
kipaty 1984). While the motion on the curvilinear 
rail track, the wheel roll on the rail can cause a sig- 
nificant lateral forces, which may result in stability 
loss of the mining vehicle. At the other side, the 
tractive effort realizes at the point of wheel-rail con- 
tact through friction, and it is limited by frictional 
properties of bonded surfaces and pressing force 
(Ziborov 2014). All these factors evoke unstable 
motion regime of mining vehicle. 

The modern design methods (Ziborov et al. 
2013), which base on the scientific approach of 
mining machines simulation and research, facilitate 
to define the location and character of arising dy- 
namical loading and prevent their growth while 
forming at the mining vehicle chassis. This pre- 
vents the following dynamical loads transmission 
on the bolster structure. Thus, the structure selec- 
tion and selection of mining machines parameters, 
which bases on the detail analysis of running pro- 
cesses, might be an essential part of energy- 
mechanical system and its scheme development on 
the design stage (Ziborov et al. 2013). 


The study purpose is determination of qualitative 
and quantitative influence of mining vehicle cou- 
pling on the stability while motion on the ail track 
with constant and variable radius. 


2 THE RESEARCH RESULT 


It is well known, that odd coupling are such connec- 
tion type, which removal do not increase the total 
mechanism movability (Levinskiy 1990). The lim- 
ited line displacement causes the necessity of force 
transmission within the kinematical pair between 
member, and limited angular displacement — the 
torque between members of the pair. The kinemati- 
cal pair must be designed for these forces and tor- 
ques. To check the odd linkages within the mecha- 
nism we can use constructional formula. We might 
take into account the quantity of known odd cou- 
plings. The quantity p; of kinematical pairs of i-th 
class, that applies 1p; constraining conditions, and all 

i5 
kinematical pairs 2i Pi constrained conditions. 

j= 

There can be general or local (passive) mechanism 
movability. The local movability is such one that does 
not influence on the total mechanism movability. The 
local movability has rollers (because of the possible 
slipping), pulley, band wheel, bushing and pin, cylin- 
drical sliding bar with ball end. The kinematical pair 
coupling defines without clearances, if kinematical 
pair produced like ball bearing, where the clearance 
is very small or even can be tightness. 

While clearance existence an additional kinemati- 
cal movability arises, which can be used in machine 
operation. These clearances can occur because of 
frictional wear of the coupled kinematical members, 
and grow uncontrollable. Such growth evokes addi- 
tional dynamical components of operational load- 
ings and reduces machine’s exploitation indexes. 
However, it is possible to revise the machine design 
and additional kinematical movability either to re- 
duce the duration of nonstationary motion regime. 
This is essential for mining conditions, which is 
marked by lots of unfavorable factors of numerous 
nature (Ziborov 2014). To provide the smooth wear 
of coupled kinematical members a coupling with lo- 
cal movability can be applied (Ziborov & Fedor- 
iachenko 2014). 

The authors of the paper proposed and imple- 
mented on the industrial enterprises new technical 
solutions of mining vehicle components and ma- 
chines. For example, locomotive of the module 
scheme, that includes a few sections. It allows for 
development of the vehicle with different trailing 
weight, energy supply system and necessary exploi- 
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tation indexes. The distinguish feature of such lo- 
comotives is kinematical coupling between bogie 
and tractive section (Figure 1). 





(b) 





Figure 1. Pin joint locomotive (a); locomotive joint (b); 
mining wagon’s wheel set (c). 


Such connection provides necessary relative 
movability and transmits vertical loading from 
frame to bogie, horizontal lateral forces — centrifu- 
gal force, reaction of overrunning rail, which has 
geometrical imperfections in all surfaces. Movabil- 
ity around the vertical axis is necessary for tractive 
bogie turn and in order to avoid odd couplings, be- 
cause the pin does not carry the chassis weight; 
around lateral axis — for correct weight distribution 


/ 








between locomotive axles and reduction influence 
on the rail track; longitudinal movability is absent 
because the tractive effort transmits in this direction. 
Additional kinematical wheel movability is real- 
ized in cylindrical joint of mining wagon’s axle box. 
It allows for reduction of the angle of attack of the 
wheel on the rail without additional force disturbance 
(Figure 2) (Ziborov et al. 2011, Patent No 96497). 











Figure 2. General scheme of tractive bogie rotation in relation to mass center while wheel climbing on the: 1 — tractive 


bogie; 2 — middle section; 3 — pin joint. 


To determine the relations between kinematical 
and dynamical characteristics of mining vehicle we 
need to provide an analysis of force interaction rela- 
tions in dependence on rail track parameters and 
subject to mining vehicle output members. The ob- 
tained data allows for assessment of the safety in- 
dex, which is used to describe by safety coefficient 
(Ziborov et al. 2009): 


K, =E P, >1, (1) 
I+ mtg y\ P; 


where y — angle of wheel flange; u — friction coeffi- 
cient; P, — normal rail reaction under ongoing wheel, 
N; P;— guiding force on the ongoing wheel, N. 

Local and regular rail imperfections lead to addi- 
tional growth of guiding force P}, that can cause the 
derailment at some certain critical value. Reduction 
of guiding force can improve stability and predict 
derailment. 

The most complex motion regime is driving through 
curvilinear rail track with wheel flange climbing by 
both rear and front axles. This induces the rotation of 
tractive bogie in relation to mass center (Figure 2). 
Simultaneously, the middle section rotates around pin 
joint. At axial displacement of the wheels, a reaction 
force arises at the point of flange contact, which acts 
flatwise to motion direction. A sudden growth of these 
forces appears while wheel misalignment. To reduce 
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reactive forces an additional local movability of kine- 
matical pair coupling is necessary. 

The usage of mathematical simulation facilitates 
the designing and dynamical interconnection defini- 
tion (Ziborov 2013). The study of mining vehicle 
dynamics is provided via developed system of dif- 
ferential equations. 

Thus, we have obtained several relations of dynam- 
ic forces and safety factor (SF) indexes (Figure 3). 


RM 


Transient curve 
SF 

















Figure 3. Safety factor relation to track curvature subject to 
structural scheme. V=4 m/s - - - - sectional locomotive; 
conventional locomotive. 


Analysis of the dependences (Figure 3) shows 
that the rigid connection of the traction bogie sec- 
tion with a body provokes unsteady hunting and lat- 
eral displacement, which amplitude continuity 
growths until the wheel flanges touch the rail. If lo- 
comotive’s connection is rough, then energy of the 
impact will be more significant, due to traction bo- 
gie mass influence and mass of the middle section 
partially. In order to avoid this, it is more appropri- 
ate to apply kinematical coupling with local mova- 
bility, which allows for reduction of the middle sec- 
tion inertia influence on the rail track through bogie. 

As mentioned above, the characteristics of contact 
surfaces, and the pressing force define friction prop- 
erties at the contact point. When the position of the 
wheelset in the rail track cannot be achieved 
through the friction forces, there is a two-point con- 
tact appears and lateral forces on the flange, which 
protects the wheelset from derailment. At the same 
time, an additional resistance force arises. However, 
the forces on the flange is connected with frictional 
components, which may lead to force reduction in 
the contact area. Thereby it facilitates the wheel 
climbing on the rail, especially on curved track sec- 
tions of small radius (Figure 4). 


creep force 






Figure 4. The scheme of wheel and rail interaction. 


One of such forces is moment resistance. For 
wheel with rough wheel bandage the torque will be 
defined by the formula (Figure 5): 


M, = Rig pio\uredg =" Jle- © 


379° 


n 


where Q7— normal load on the wheel, N; 9, — con- 
tact surface angle of ongoing wheel, rad; g, — con- 
tact surface angle of offgoing wheel, rad; g — angu- 
lar coordinate, rad; R — wheel radius, m. 
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Figure 5. Ongoing wheel and rail interaction scheme: 
1 — wheel; 2 — rail; 3 — contact area. 


Normal component of full reaction Q, compen- 
sates the pressing force F. The component Q, ap- 
pears wheel rolling resistance that predicts wheel 
sliding along the rail. 

The relations of force resistance in dependence on 
bogie characteristics and exploitation characteristics 
are depicted on the Figure 6. 

It is obvious that increasing the curvature radius 
of the rail track the load on the chassis elements 
both locomotive and wagon will decline. 
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Figure 6. Force resistance of mining rolling stock: V — ve- 
locity; m — mass; R — turning radius. 


Decrease of motion resistance can be achieved by 
using mining vehicles with short wheelbase or using a 
new wider rail track. However, all these measures 


will reduce the performance of locomotive haulage or 
increase operating costs. The most appropriate design 
changes due to the economical meanings is develop- 
ment a new vehicle design with additional local mo- 
bility in the kinematic pairs (Ziborov 2013). 


3 CONCLUSIONS 


To enhance the stability and safety, reduce load on 
the vehicle’s chassis and on the track, reduction mo- 
tion resistance is possible while the usage of a new 
kinematical design where the kinematical pairs will 
have an additional local movability. Thus, it will re- 
duce the number of redundant links with shortage the 
unnecessary weight. To determine the appropriate 
value of mobility, providing the necessary perfor- 
mance, we can use modern means of computer simu- 
lation interoperability of mine transport and track. 
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The development of deep pits steep slope layers 


O. Anisimov 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: The development of mining operations sloping layers with a sizeable angle to the horizon is kind- 
ly task of mining operations. Formation edges’ pit with sizeable angles of slope is an important task, as it allows 
largeness of overburden postpone to a later period of the development of the field. Considered technique and 
dependencies are determined the height of the layer in the formation of open pit by steep slopes layers. 


1 INTRODUCTION 


Currently, many deep pits of Ukraine, along with 
mineral extraction, there are a significant slippage of 
development of overburden from the intended tech- 
nical project. Formed edges deep pits have steep po- 
sition. Due to the impact of the seismic effects from 
industrial explosions, the dynamic impact of the min- 
ing equipment and other factors, they are practically 
absent berms security. Sizeable amount of breakaway 
rocks have accumulated on existing areas. Mechani- 
cal cleaning of them is impeded by the decreasing 
width areas compared with the design values. 

In modern conditions during developing deep pits 
is very important sequence of the open pit formation 
in space. Since last century, the depth of pits change, 
which were considered deep. Development of ge- 
otechnical sciences has led to opportunities of sizea- 
ble angles edges pits and to they formation by laying 
sizeable angle. Currently, the design (limiting) an- 
gles of slopes edges of deep pits have a value from 
35 to 42°. Developing of field’s the open pit pro- 
vides for the formation of areas with the develop- 
ment of the front of mining operations in the hori- 
zontal direction with the movement of the upper ho- 
rizons for possible mining development on the low- 
er. Because of the desire to extract more minerals 
many deep open pits of CIS countries, including 
Ukraine, have come to a situation where it is neces- 
sary to review the technological schemes of mining 
operations. Opened reserves decrease, and the de- 
velopment of the front excavations of waste rock in 
the upper levels is become late. 

Maintaining all working ledges in overburden 
working area of open pit in regulations with working 
areas correspond to pointed graphics mode of min- 
ing operations. Consequently, the productivity of 
working excavators in each of ledges is small, their 
number is quite large, and the total volume of over- 
burden developed when entering the boundary con- 


tours of open pit on the surface is maximized. To 
improve the organization of the excavations waste 
rock at increase of the current ratio of stripping is 
proposed to change the direction of mining ledges 
instead of horizontal of steep slope. 

Increase the speed of preparation for minerals ex- 
traction is possible only with the timely development 
of overburden in edges of the pit. To accelerate the 
development of overburden is necessary to use the 
technological scheme of mining operations with the 
formation of areas edges of the pit at sizeable angles 
of slope. Theoretical bases of the formation of steep- 
ly slope layers were considered by prof. Drizhenko 
in publications (Drizhenko 2011, 2014). Prof. 
Drizhenko offers developing of overburden to pro- 
duce steep layers with sizeable angles of laying edg- 
es of the pit. This should be respected the technolo- 
gy of conducting mining operations, safety and de- 
veloping of the formation of individual sections of 
the open pit, which provides transport links between 
faces and the surface. 


2 THE MAIN OBJECTIVES 


1. Develop a technological scheme of conducting 
mining operations in the formation of edges of the 
pit with sizeable angles relative to the horizontal 
level. 

2. Set basic parameters of the formation of open pit 
space steep slope layers and establish the dependence 
between the volume of excavation of the overburden 
and a height of some steep sloping layers. 


3 THE SOLUTION OF THESE OBJECTIVES 


In the development of the extended field of deep pits 
the formation worked out section is carried out 
stepwise. At the first stage of the formation of the 
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open pit of the first turn is limited the depth and then 
is worked out the next turn of open pit. One way to 
solve the task of developing the first phase of deep 
open pit is the transition to the new scheme with the 
minimum necessary extraction of overburden and 
maximal load of the excavator, the stage develop- 
ment with ground movement faces from top to down 
overburden zone. 

Technology of the formation of steeply slope lay- 
ers provides the execution for all kinds of works on 
preparation, excavation and transportation of rock 
mass but is not differ from the technology of for- 
mation edges in the usual way. 

In this case, the working area in a steeply slope 
layer is oriented along the front edge of the pit at an 
angle of 20 — 30 to the strike and worked through in 
the direction from the end of uncovering descents to 
the opposite. Changing the direction of the move- 
ment front of mining operations on steeply slope 
within the stable state of naked rock mass allows 
significantly increase the angle of slope of the work- 
ing edge. At the same time mining operations are 
conducted with the using of road transport in faces at 
work berms, and railway transport with the overload 
of excavation of the rock mass — on non-working ar- 
ea at the ends of the open pit. 

Steeply slope layers should be formed by the rock 
overburden on the front edges, beginning from the 
output of minerals. Layers are formed on the lying 


and hanging edges of the open pit in the cross sec- 
tion. At each end of the open pit are provided de- 
scents for hauling rocks at transfer points, and the 
width of descents at the extra base includes catching 
area. Between working areas in the layer, in accord- 
ance with the conditions of safety, are left temporari- 
ly closed ledges with berms security. Deepening of 
mining operations is produced in the end on the open 
pit with constant transport communications. Also 
transfer points are recommended to be placed in the 
end of the open pit’s area formed on the non- 
working edges of the pit. In the application of the 
railway transport their communications are orga- 
nized constantly, the open pits end with their loca- 
tion and the surrounding areas of the open pit are re- 
built in the designed position in the first turn. In each 
cross section of the open pit the slope angle of 
frontal edges on the overburden is formed on the 
maximum possible considered stability of rocks. 

Formation of the open pit steeply slope layer al- 
lows to move sizeable volumes of overburden at a 
later period of mining development. Layers are 
formed from top to down by one working area. De- 
velopment works are conducted with the movement 
of the front of mining operations along the strike of 
the deposit. Usually, the upper horizon for overbur- 
den has a bigger extension, and the lower has a less 
(Figure 1). 
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Figure 1. Formation of open pit area along the strike of the deposit. 


The height of a steep layer is one of the important 
parameters that affect the consistency and speed of 
mining development of the overburden to prepare 
the mineral for excavation. At the height the steeply 
slope layer is influenced by the physical and me- 
chanical properties of rocks, their stability, mining 
technology, the type of used drilling equipment, ex- 
cavator and vehicles. In this article are considered 
theoretical conditions of determination of the height 
of a steep layer. 

The development of steep layers could be pro- 
duced with the same height of each layer (variant 1). 
The volume of overburden excavation in the upper 
levels will exceed the volume of the lower. The sec- 
ond option of the development is carried out for a 
excavation of equal volumes of overburden and at 


the same time will change the height of individual 
steeply slope layers. Considering that the width of 
steeply slope layer in two versions are identical and 
corresponds to the width of the working area. The 
width of the working area is calculated by the usual 
method. On Figure 2, bold arrows indicate the direc- 
tion of the conducting of mining operations. Each 
layer is fulfilled horizontal areas with a certain 
height of the ledge. 

During the consideration of the first variant (Fig- 
ure 2, a), the height of each steeply slope area is 
identical, and according to Figure 1, the length of 
each horizon varies depending on the position rela- 
tive to the bottom of the open pit or surface. All cal- 
culated dependences are shown in formulas (1) — (3): 
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h, =h, =h, =..+h,, (1) 

VSS alc (2) 
Vy, Sed E 3) 
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Development works with the same volume at each 
area of the steeply slope layer (Figure 2, b) makes it 
necessary to calculate the height of each individual 
layer. The height of the layer will vary taking into 
account the different lengths of individual horizons 
of conducting of the mining operations. Upper hori- 
zons will have a shorter length, and the lower will 
havelarger. Dependences between the main parame- 
ters are shown in the formulas (4) — (5): 


Vi =V,=V3=..V,,, (4) 


jee fea (5) 
Bp +l, 











Figure 2. Formation of open pit steep layers: (a) layers of 
the same height; (b) layers of different heights. 


4 RESULTS 


Were performed preliminary calculations for the de- 
posit that have the depth of 370 m, the horizontal 
thickness of the deposit is 100m, uncovered re- 
sources at the bottom of the open pit is 100 m, width 
of the transport areas (bt)—35 m. The width of 
working areas, and thus the width of the layer (Bp) 
are — 70 m. The formation of working areas provides 
a zone of conducting excavation and loading opera- 
tions (breast excavator) within the area of blasted 
rock, the area of the movement of transports and the 
area foe equipment and people safety from the possi- 
ble collapse of rocks from the overlying sections of 
edges of the pit. The edges height of the separate area 
plays the important role in the formation of the entire 
edge and possible conducting of mining operations. 

On the basis of demonstrated variations (Fig- 
ure 2,a and b) were obtained graphs (Figures 3, 4). 
The graph in Figure 3 shows that at a constant height 
of the steep layer change volumes of overburden’s 
excavation. This is due to the different lengths of de- 
veloped horizons. As closer to the surface the work- 
ing horizon, the longer is its working area. 
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Figure 3. Graph of changes of volumes of overburden’s ex- 
cavation during the development of mining layers (1, 2, 3, 


4, 5) of the same height. 
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Figure 4. Graph of changes of the height of layers during the 
development of equal volumes of overburden at some hori- 
zons (1 — 17). 
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The graph may be linear, as shown in Figure 3, or 
it acquires a nonlinear shape during the changing of 
the length of individual horizons (upper, lower or 
medium). 

The graph in Figure 4 illustrates the change of the 
height of some steep layers when a constant volume 
of overburden is recovered. The volume of the over- 
burden has been calculated with taking into account 
the required width of the prepared area and terms of 
working off the lower horizon for minerals. During 
the period of the development of the lower horizon 
for minerals, the bottom of the steep layer of over- 
burden should be worked out. Initially accepted vol- 
ume of the overburden corresponds to the maximum 
height of the layer calculated by the variation 1, and 
then is calculated the height of individual layers. 
According to the graph, it is shown that the curve is 
changed for the decrease of lower horizons, which 
correspond to the position height of 8 — 10 m. If the 
EKG-8 (bucket capacity — 8 m°) is taken, then at the 
conduction of mining operations the height of rock 
edges can be 15 m. From this, it could be concluded 
that upper horizons might worked out by two or three 
excavators with a height of the layer 30 m. 


5 CONCLUSIONS 


1. The formation of the working area is carried out 
steep slope layers, depending from the height of the 
group of edges forming the phase that determines 
the position of mining operations at dropping the 


bottom of the open pit on some edges. In the theoret- 
ical work on the graphs are shown the results of the 
determination of the height of group berms that al- 
lowed to work out volumes of overburden and car- 
ried out the excavation of mineral. The height of the 
layer could be taken the same while changing the 
volume of the excavation of overburden, which re- 
quires the insertion of the additional equipment for 
their exploitation. If it is assumed that each layer has 
the same volumes of the overburden, which are ex- 
cavated, then the change of the height of steep slope 
layers according to the graphs is shown. 

2. At many Ukrainian iron open pits, the most part 
of edges to overburden has temporarily deactivated 
with a large angles of the slope, the proposed meth- 
od of the conduction of mining operations allows to 
normalize the production of iron ore in planned vol- 
umes without significantly increase of resources for 
the stripping in compliance with safety regulations. 
Technological scheme of conducting works of 
ground steep layers is ambitious for many deep pits 
where formed steep slopes of temporarily closed 
pit’s edges. 
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The new method of extraction of poor and extremely 


poor ores in underground conditions 
of Vatutynske deposit (Ukraine) 


O. Vladyko & D. Maltsev 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: Extraction of uranium ore at the Vatutynske deposit (Ukraine) with the possibility of using the 
leaching technology from underground workings are considered. The main stages of obtaining minerals 
using two different technologies of production are proposed. The algorithm for calculating the leaching 
parameters of poor and extremely poor uranium ore in stoping chambers and pumping the resulting solution 
to the surface is presented. The layout of movement of leaching and productive solutions in the chamber and 
the surface respectively with the safety of the works are proposed. Layout of blasthole-injectors, waterproof- 
ing stratum and likely direction of movement of solution sulfuric acid is given. Preliminary calculations of 
leaching time consumption depending on the physicochemical properties of rocks, consumption of reagents 
and additional work are obtained. The effectiveness of the proposed combined technology of receiving urani- 
um oxides is proved, technological schemes for leaching on situ for Vatutynske deposits (Ukraine) are shown. 


1 INTRODUCTION 


Oil, gas, coal and uranium are the most common in 
the world of energy. Ukraine has sufficient amount 
of coal and uranium only, and supplies of the latter 
makes 4% of the world reserves. This ensures that 
our country occupies its place in the top ten ranking 
leaders of international uranium ore owners. With 
the current level of provision, balance of using 
uranium energy in other energy sources is 44 to 
56%, which is not in favor of uranium. Extraction of 
uranium ore in Ukraine is performed by the State 
Enterprise “Eastern Mining Processing Plant” (SE 
“EMDP”), owning three mines. It is proposed to 
improve technology of obtaining uranium from 
Vatutynske deposit where there is a complicated 
form of the deposit and increasing number of ex- 
tremely pure ores, which requires the use of more 
flexible technology of uranium mining in compari- 
son with classical ways. One way to reduce costs is 
to develop a deposit using the combined method of 
extraction of uranium containing elements of under- 
ground development and drilling technology. Thus, 
the search for optimal parameters of uranium min- 
ing is relevant to development in this field. Produc- 
tion of uranium ores is associated with high costs of 
production. This is due to the use of development 
with laying out space, dangerous working condi- 
tions of staff and increased costs for the safe con- 
duct of manufacturing, which significantly reduces 
the technical and economic parameters of produc- 
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tion. A partial solution is to use geotechnological 
means of uranium mining. They are more effective 
compared with underground mining and allow one 
to use fewer people at work. 

The enterprises that produce uranium ore, now 
apply chamber system design with the backfilling 
technology. Such technology development systems 
include loosening of rock mass with its subsequent 
release by cone raise on traversing the horizon and 
the subsequent hoisting it up to the surface. After 
this, it is transported to the concentration mill for 
further processing. After that, the chamber is back- 
filled. In such a large part of the technological chain 
of production, the cost mainly includes ore output to 
the surface, transportation costs to the hydrometal- 
lurgical plant complex, backfill works, and the 
concentrating mill — processing (crushing and leach- 
ing). So finding ways to reduce the cost of obtaining 
uranium ore is an important issue not only for the 
company but for the country as a whole. The solu- 
tion is to use the geotechnological methods of pro- 
duction that enable to reduce transport costs and 
backfilling and so on. 


2 ANALYSIS OF RECENT RESEARCH 
AND PUBLICATIONS 


Geotechnological ways of uranium mining are 
comprehensively highlighted in many papers by 
Prof. V.Zh. Arens (Arens 2010). A huge contribu- 


tion in the development of geotechnology was made 
by academicians V.V. Rzhevsky and E.I. Shemya- 
kin, Prof. D.P. Lobanov, Y.D. Dyadkin and 
I.I. Sharovarov (Sharovar 1999, Korotkov et al. 
2001). They proved the reality of the use of geo- 
technological methods of production directly in a 
rock mass and made preliminary calculations of 
technological possibilities of production (Fazlullin 
2001, Tolstov et al. 2002, Vladyko 2013). 


3 MAIN PART OF THE RESEARCH 


The analysis of uranium mining conducted by the 
authors has shown that many scientific works are 
devoted to underground mining of uranium, but 
technologies using elements of underground mining 
are very rare. Based on this method of production and 
its parameters, additional investigation is necessary. 


STAGE 1 
| 
l. i Opening Preparatory Drilling and ite! Rock mass 
| deposit works blasting operations | i output 
| 4 
2, i Opening Preparatory 
deposit works 


Conditionally fixed costs 
Figure 1. Stages of obtaining uranium for two technologies. 


Stage 1. At this stage, the cost of the first and the 
second technology is approximately the same and 
can be attributed to the relatively fixed costs. 

Stage 2. When comparing the two technologies, 
in the first one, the major cost is output and trans- 
portation of ore, while in the second one, it is ob- 
taining uranium oxides. Significant difference be- 
tween the two technologies is obvious, so it we will 
be considered in more detail. 

Stage 3. Obtaining uranium metal from oxides 
and final processing for using in nuclear power 
plants. This phase of the current study is not deci- 
sive, as such processing is not carried out in the 
country and is only possible abroad. 

The current technology of uranium ore is already 
known and described in more detail in the sources 
(Maltsev 2013, Chernova et al. 2001), that’s why 
current research does not deal with this issue. In- 
stead, we turn to a detailed presentation of the rec- 
ommended technologies. 

The theoretical consideration of the proposed 
methods of extracting extremely poor uranium ore 
shows that the most effective way of extraction is 
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The main aim is to develop a method of extract- 
ing the poor and extremely poor uranium ores using 
the underground and geotechnological methods at 
the operating enterprise. To reach the goals, the 
following tasks will be set and resolved: 

1. Analyze the existing technologies and basic 
parameters of uranium mining. 

2. Develop the algorithm of calculating techno- 
logical parameters in obtaining uranium oxides. 

3. Perform preliminary calculation for obtaining 
uranium oxides conditions of Vatutynske deposits. 

Let’s define the stages that will be used in carrying 
out the work and schematically depict these stages in 
two technologies: the first one is the current technolo- 
gy of uranium ore processing and further obtaining 
uranium oxides at a concentration mill, and the second 
one is the proposed technology of obtaining uranium 
oxides at the enterprise without transportation and 
processing units at the concentration mill (Figure 1). 

STAGE 2 


CCCP CRSIRESR, POMEL Eee eeeemeees oe 
s 
: 


Leaching of 
uranium at mill 


Ore 
transporting 


after leaching 


1 





geotechnological one (Korotkov et al. 2001). It shows 
greater efficiency in comparison with the traditional 
underground mining technology. Under the concen- 
tration of uranium up to 0.3%, by geotechnological 
method is 20% more efficient than underground 
technology, but with increasing concentration of 
uranium ores up to 0.5% the production costs tend to 
be equal (Korotkov et al. 2001). 

It should be noted that the main processes in 
stage 2, significantly affecting the cost of extracted 
ore, is the hoisting up of minerals on the surface and 
transportation to the mill, material costs during the 
subsequent backfilling and payroll costs for further 
processing and more. The recommended geotech- 
nology of extraction (leaching at an enterprise) 
solves a substantial part of these issues, and re- 
moves some issues altogether. 

Let us consider separately the basic processes of 
leaching in chamber and hoisting up (productive) 
solution saturated with uranium compounds to the 
surface. For this, we give the general layout of ge- 
otechnological complex of uranium oxide mining by 
mining methods in the leaching chambers (Figure 2). 





Figure 2. Flowchart of uranium leach using geotechnology in underground conditions and traffic productive (solid line) 
and leachable (dotted line) solutions: 1 — shaft; 2 — crosscut; 3 — deep pump; 4 — tank for solution saturated with uranium 
oxide; 5 — saturated solution transport network; 6 — blasthole-injectors; 7 — cavity in the opening floor for collecting 
solution; 8 — leachable chamber; 9 — pipes to supply the solution in the chamber; 10 — technical oxidation unit; 11 — the 
composition of sulfuric acid; 12 — pumping station for pumping productive solution; 13 — discharge of enriched solution 
after leaching process; 14 — surface settling tank for fine cleaning; 15 — contour tank. 


In Figure 2, value 72 shows a pump station for 
pumping the productive solution. The network 5 
transports productive solution enriched with urani- 
um oxide. Further productive solution enters the 
tank /4. The surface settling tank /4 purifies the 
solution from impurities by settling and sedimenta- 
tion. Then the solution is fed to the acidification 
technical unit /0. At this stage, the under-enriched 
solution is injected to a network 9 after the addition 
of sulfuric acid from the tank //, which is saturated 
to the desired concentration. The solution supplied 
to the mine over the network enters the productive 
horizon, where the uranium is leached by acid solu- 
tions. It is at this stage that the solution containing 
uranium is formed. After reaching the desired con- 
centrations of productive solution, it is withdrawn 
from the circulation by discharge /3. 

To define the efficiency of the technology in the 
circumstances it is important to calculate the solu- 
tion loss in situ uranium leaching, this loss reaches 
about 20% of the total volume of solution by 
spreading through cracks, bypassing the waterproof- 
ing layer. Under each chamber, 4to5 vacuum 
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pumps are mounted. From the contour tank /5 
solvent is pumped to the surface through pipes in 
the pumping station /2 (Figure 2). The cycle ends 
when the productive solution of uranium falls below 
the minimally acceptable level. 

For a more detailed understanding of how the so- 
lution has to circulate in the chamber and the mines, 
Figure 3 shows the schematic diagram of solution 
circulation. The motion of solution is shown by 
dotted line from the surface to the upper drilling 
horizon, which runs across the top-down chamber. 
Productive solution that has passed through the rock 
mass is specified by solid line and moves bottom- 
up, pumped through the corresponding workings on 
the upper horizon, and then the solution is transport- 
ed to the surface. 

Let us define the motion of solution in chamber 
and basic technological parameters of blasthole- 
injectors at the top sublevel, within the circle in the 
section range A-A (Figure 4). 

After the processing cycle is finished, the produc- 
tive solution is pumped to surface for further 
processing. 


10m 


4... 





Figure 3. Principal diagram of obtaining productive solu- 
tion from uranium ore by in situ leaching with an indica- 
tion of the main technological parameters. 
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Figure 4. Principal layout of blasthole-injectors with the 
distance between them, waterproofing layer and the direc- 
tion of the sulfuric acid solution. 


The total time of the leaching process according 
to preliminary calculations is 260 days, where the 
watering of the chamber takes 30 — 50 days, acidifi- 
cation — about 90 days, and sorption — about 
130 days. The losses of productive solution are 
about 8%. Extraction of uranium into productive 
solution from the rock mass makes about 50% for 
the described conditions, and under the conditions 
of obtaining uranium from the solution (in enrich- 
ment) is around 60 — 80%. 
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To determine the parameters of loosening rock 
mass for its further leaching, we use the generally 
acceptable calculation of loosening in restricted area. 

1. For the drilling and blasting operations in the 
rock mass in restricted environment, it is necessary 
to define the line of minimal resistance (LMR) 
charges W and the distance between the ends of the 
wells a (Maltsev 2013): 


L 


— (1) 
Lem 


W =K fract ` ` @ bhole ? 


where Kjaer — Coefficient that accounts fracturing of 
rock mass; f— strength of rocks; L’ and L — volume 
and concentration of the energy of standard explo- 
sives; m — coefficient of charges convergence; 
h — the maximum height of sublevel; B — width of 
the chamber; d role — blast-hole diameter; k — factor 
dependent on the h/b ratio and other mining- 
technological factors; P — charge density. 


a=m-W. 


(2) 

Under the change of the factor of charges conver- 
gence, one keep in mind that the product m-W 
should be kept constant. Then let us perform the 
calculation of leaching geotechnological parameters. 

Let us choose key geotechnological indicators 
depending on mining method parameters 
(Tabachenko et al. 2012): 

— total solutions Vo required for leaching; 

— average metal content in the resulting Cver. pro- 
ductive solution; 

—the number of boreholes npump required for 
pumping solution into the chamber. 

2. Total volume of solution Vp, which is required 
for leaching, is determined by the formula: 


Vo =9.°fo> (3) 


where Q, — volume of ore in the chamber; f, — con- 
sumption of solution per ton of ore. 

3. Volume of uranium which in theory can be 
converted into productive solution, Vy: 


Vy = ay Q, ky, (4) 


where ky — probable value of extraction of uranium 
compounds in the total weight of the chamber; 
ay — content of useful component in the ore. 

4. Average content of metal C,,,.,. in productive 
solution that is received from the chamber: 


(5) 


5. Duration of working off the volume of ore in 
the chamber, T: 


(6) 


T= l raun “lr Laci + L nant: ? 


where tmount. — equipment mounting time; 
taia — ore acidification time;  tyisman, — equipment 
dismantling time. 

6. Total number of boreholes N, which are neces- 
sary for stoping chamber: 


N= 2(n, 7 1): A pump. ? (7) 


where n, — number of drilling horizons in the cham- 
ber; Npump, — Number of input or output blast-holes 
on the horizon. 


4 PRELIMINARY CALCULATION OF 
LEACHING PARAMETERS FOR 
CONDITIONS OF VATUTYNSKE FIELD 


LMR for loosening rock mass without changing 
existing equipment will be W= 1.8 meters, the 
distance between boreholes — a = 2.1 meters. Calcu- 
lation of the number of blasthole-injectors is per- 
formed based on a statistical average size of the 
chamber 25x70x55 m (LxHx W). 

The distance between injectors can vary from 1 to 
7 m for our conditions, then we need 4 blastholes as 
the distance between the ends of the injectors will 
be up to 5 m. From this, we can determine the num- 
ber of injectors on one blasthole-injection sublevel, 
based on the length of the chamber. The number of 
rows of the blasthole-injectors equal 10, on the basis 
that the distance between rows is 5 m. Total number 
of blasthole-injectors for sublevel equals 20 units. 
According to the technology, the number of input 
blasthole-injectors is the number of output 
blasthole-injectors. Then, the total number serving 
one sublevel will be 200 units. Assuming that the 
average chamber has five sublevels, we can deter- 
mine the total number of blastholes per chamber, 
which is 1000 units. Value of the acidification solu- 
tion will be 2500 kg and obtained productive solu- 
tion will be 3128 kg, as is calculated by these formu- 
lae. Acidification time of rock mass will be 90 days. 
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5 CONCLUSIONS 


The result of the research is the extraction technolo- 
gy that takes into account parameters of leaching 
uranium in situ. Development of technology using 
geotechnology proved that it can be effectively used 
for mining in Vatutynske field. Its implementation 
will allow extracting even those ores that were not 
previously suitable for production. 
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ABSTRACT: The features of industrial waste impact on the environmental components are analyzed. Possi- 
bilities of overburden rocks use for detoxification of hazardous wastes are defined. The technological 
scheme of waste detoxification using clay materials is proposed. 


1 INTRODUCTION 


Many years of energy and raw material specializa- 
tion and low technological level of industry of 
Ukraine set it among the countries with the highest 
absolute volume of waste generation and accumula- 
tion. Negative side of industrial production growth 
as well as scale of natural resource use is very high 
volumes of production and accumulation of produc- 
ing and consuming waste, what results in large areas 
of land occupied by solid waste. 

Waste is one of the most important factors of en- 
vironmental pollution and negative impact on virtu- 
ally all of its components. The area of land that is 
given under the sites of accumulation waste in slime 
storages, dumps, landfills etc. is increasing every 
year (The National... 2012, Lubchik & Varlamov 
2002, Saksin & Krupskaya 2005). 

Technologies of recycling are outdated, the cost 
of energy resources and all kinds of transportation is 
dramatically increased, and the activities of pro- 
curement organizations are significantly narrowed. 
There are no tools of effective influence on the 
companies and they continue to use only such 
wastes that give a quick profit. The costs of storage 
and waste disposal are almost 20 percent of the total 
production costs. 

The existing level of recycling of waste as sec- 
ondary resources has no effect on improvement of 
the environment. This is due to the fact that the 
recycling involves mainly large-tonnage mining 
waste and some other waste — mostly low-toxic or 
neutral (inert) (Buzylo et al. 2014, Zubova et al. 
2012, Matveeva 2007). Therefore, environmental 
impact of waste recycling is negligible. 

So far, Ukraine has no properly organized system 
of collection, storage and disposal of toxic waste. 
Insignificant use of technologies, machinery and 
equipment, along with the accumulated experience of 
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waste disposal of coal, fuel-and-energy, metallurgi- 
cal, chemical and other industries, as well as second- 
ary raw materials considerably worsens the situation. 
Whereas the waste of production and consumption 
may play the important role in supply of industry with 
raw materials, replacing primary resources (ore con- 
centrates, natural non-metallic materials, fuel, etc.). 

The important areas of sustainable development 
of Ukraine are comprehensive utilization of miner- 
als, industrial waste reduction, implementation of 
recycling technologies and more. Only recycling 
processes are able to complete former imperfect 
cycles of movement of materials, to ensure their 
sustainable use and to limit the volumes of raw ma- 
terials extraction from the earth’s crust to the neces- 
sary minimum (Pivnyak et al. 2013). 

A significant number of mining wastes can also 
be used in the environmental practice. The most 
promising is the use of natural materials that are 
capable of stopping the harmful substances and 
preventing their further migration. One of possible 
approach to address this problem is the use of wide- 
ly available clays from overburden rocks of open 
mining as the most affordable, low-cost and highly 
efficient materials (Gumenik et al. 2012). 


2 FORMULATING THE PROBLEM 


Especially critical situation in Ukraine exists in the 
field of municipal solid waste (MSW) management. 
Millions of tons of waste are stored on overloaded 
landfills without sorting and recycling of valuable 
components. Thermal processing of MSW in the 
conditions of national incineration plants is ineffec- 
tive neither economically nor environmentally be- 
cause in the result there is a need for neutralization 
of products of solid waste combustion — slag and fly 
ash (Ablaeva & Borisovskaya 2011). 


Solving the problem of hazardous waste man- 
agement requires the creation of scientific principles 
of increasing ecological safety of waste’s placement 
areas. It is necessary to assess the real environmen- 
tal hazard from technogenic objects and components 
of waste, to predict changes in the environment and 
to develop ways to detoxify waste (Gorova et al. 
2013, Kolesnik et al. 2012). 

Comparative analysis of recycling and disposal 
methods for waste of MSW combustion discovered 
that the costs of measures to reduce the waste toxici- 
ty are disproportionate to economic effect of their 
implementation through ultra-low environmental tax 
rates for waste disposal. 

From the environmental point of view the use of 
clay to protect and improve the quality of the envi- 
ronment is the most interesting approach. Clay is a 
unique natural mineral that has exceptional proper- 
ties such as dispersion, hydrophilic, flexibility, abil- 
ity to adsorption and ion exchange with the envi- 
ronment. It is widely used for treatment of 
wastewater, gas and dust emissions, for creation of 
buffer zones around storage of toxic waste, etc. 
(Demenko & Borysovs’ka 2014). 

Therefore, the purpose of this work is to develop 
technology of hazardous waste decontamination 
through the use of clays from overburden rocks of 
mining production. 


3 GENERAL PART 


Western part of the Nikopol manganese ore deposit 
is developing by Ordzhonikidze Mining and Pro- 
cessing Plant (MPP). The average ratio of overbur- 
den is 17 m°/t, annually over 100 million tons of 
overburden rocks are ejected in developing. A sig- 
nificant part of sedimentary rocks of Western part of 
basin is clay rocks. The properties of several types 
of clays (green and black) that belong to the over- 
burden rocks of Chkalovsky career No 2 of Ordzho- 
nikidze MPP were investigated: their chemical, 
spectral, grain and mineral composition, mineral 
type and other features were determined. 

The composition of clay largely determines their 
properties, although direct quantitative relationship 
between composition and properties has not yet 
been established. Therefore, mostly the material 
composition is the clay classification indicator that 
allows simultaneous to judge about some of their 
properties and conditions of occurrence. 

According to the data of spectral analysis is estab- 
lished that the studied clay contains such elements as 
copper — 3:10°%, manganese — (5 — 7):10°%; zine — 
(7—15):10°%; molybdenum — (0.3 — 1.5):10°%; 
cobalt — (0.2 — 2.0):10°% and others. 
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As a result of grain size determination is established 
that in terms of the content of particles smaller than 
0.001 mm green clay belongs to dispersed clays and 
black clay belongs to coarsely dispersed clays. In addi- 
tion, the high content of particles smaller than 
0.01 mm characterizes green and black clays as highly 
plastic clay (with a plasticity number of at least 15). 

Determination of the concentration of hydrogen 
ions in the aqueous extract of the studied clays 
showed that an extract of green and black clay has a 
slightly alkaline reaction — pH = 7.5...8. 

Assessment of mineral composition of clay was 
carried out by its wetting. A sample of clay in air-dry 
state ground into powder and sieved through a sieve 
with holes in 0.5 mm diameter. Sifted powder with 
mass of 40 — 50 g were placed in a porcelain cup with 
a diameter of 7 cm, than compacted well by flat pestle 
and aligned to the horizontal surface. Then 1 ml of 
4% solution of sodium pyrophosphate was injected 
drop by drops from pipette to the centre of studied 
powder surface. The absorption time ¢ counted from 
the moment of the first drop descent to the moment of 
the last drop of solution tidying up. It was determined 
accurate to 0.1 minutes. After tidying up the last 
drops spot diameter d formed by wetting the powder 
was determined in mm. Time of tidying t when mois- 
tening the green clay powder was 3.6 min.; spot di- 
ameter d— 29 mm, hence the index K = 104 (K = t-d). 
Thickness of wet clay layer in the central part was 
about 4mm, swelling were weakly expressed. Ac- 
cording to the results of observations green clay can 
be classified as kaolinite-hydromicaceous. 

In the case with black clay time of tidying t was 
2.5 min.; spot diameter d — 24 mm, hence K = 60. 
Thickness of wet clay layer in the central part was 
about 8mm, swelling was almost imperceptibly, 
and the surface of moistened layer was slightly con- 
cave. So, black clay refers to hydromicaceous. 

Determining the mineral type of clay minerals 
was carried out by the nature of the drying of frac- 
tion smaller 0.001 mm in size. Collection of fraction 
smaller 0.001 mm was performed by clay decanta- 
tion. The resulting suspension of clay particles was 
evaporated in porcelain cups in a water bath, and 
after reaching the density of fluid mass it was dried 
at room temperature. 

The suspension, which was dry, covered thinly 
the bottom and edges of cups, and the nature of the 
drying of fraction smaller 0.001 mm was different 
for different types of clay mineral. At green clay 
drying the matte surface was formed, broken with 
radial cracks that indicate a preference of kaolinite 
clay minerals in the composition. Black clay at dry- 
ing gave glossy surface, divided on individual plates 
with mutually intersecting cracks. This suggests that 
black clay refers to hydromicaceous clay again. 


Absorption capacity of clays depends directly on 
their mineral composition. Kaolinite-hydromica- 
ceous clays, which include green clay, have absorp- 
tion capacity of 20 to 40 meq per 100 g clay and 
hydromicaceous clays — about 15 (Avidon 1968). 

As a result of studies it found that green clay has 
a higher dispersion, absorption capacity and physic 
and chemical activity. 

To investigate the possibility of decontamination 
of products of MSW combustion in laboratory con- 
ditions samples of pre-crushed slag and fly ash of 
Dnipropetrovsk incinerator were processed by green 
clay, the concentration of which was 10, 20, 30 and 
40%. Then wastes were moistened with distilled 
water in the ratio 1:1 and dried to air-dry state for 
5 days. Each version of the study was presented by 
samples with mass of 15 g. Then weights were se- 
lected from mixed samples in which the mass of 
waste was 5 g, taking into account dilution factor, to 
consider the waste impoverishment effect by clay 
and to determine the concentration of heavy metals 
(HM) in | mg of researched waste instead of | mg 
of mixed samples. 


Determination of water-soluble and mobile forms 
of heavy metals was performed by atomic absorp- 
tion. Determination of gross content of HM in raw 
waste and processed by clay waste was performed 
by spectral analysis. 

It was established that all studied heavy metals 
are contained in the combustion products in a mo- 
bile form, and metals of the first hazard class are 
most intensively removed with ammonium acetate 
buffer — zinc, cadmium and lead. As for metals in 
water-soluble form their leaching percentage from 
wastes 1s lower than for the mobile forms. This 
represents a danger to the environment, given the 
accumulation of significant amounts of slag and 
fly ash. 

As a result of determination of gross concentra- 
tions of HM in the treated waste (Table 1) no signif- 
icant changes in the waste after processing by clay 
were found. 

The results of determination of HM content in 
water-soluble and mobile form in the treated waste 
presented in Table 2 and 3, respectively. 


Table 1. The results of spectral analysis of products of MSW combustion before and after clay treatment. 


I hazard class 


II hazard class Il hazard class 


ee Zn Cd Pb Cu Ni Co Cr Mn 
Clay 70 — 20 30 30 10 70 500 
Fly ash 4000 60 550 300 35 13.5 400 700 
10% of clay 3000 50 200 1000 50 10 1000 1000 
20% of clay 1500 0 500 300 50 15 500 700 
30% of clay 700 0 500 100 20 7 200 500 
40% of clay 700 0 500 100 30 7 300 700 
Slag 1500 5 400 700 85 15 400 750 
10% of clay 500 0 500 150 15 7 200 500 
20% of clay 300 0 500 150 10 7 200 500 
30% of clay 1000 10 500 500 30 10 300 700 
40% of clay 300 0 200 100 15 15 200 300 


Table 2. Content of heavy metals in the aqueous extract, mg/kg of investigated waste. 


I hazard class 


II hazard class Il hazard class 


panne Zn Cd Pb Cu Ni Co Cr Mn 
Clay 0 0 0 0.43 0 0.17 1.3 0.43 
Fly ash 0.29 1.19 3.57 0.29 1.29 0.57 2.57 0.59 
10% of clay 0.29 1.19 2.70 0.14 1.29 0.54 1.08 0.54 
20% of clay 0.28 0.72 1.67 0.14 1.11 0.44 0.83 0.41 
30% of clay 0.20 0.41 1.35 0.14 0.95 0.38 0.81 0.27 
40% of clay 0.14 0.35 1.35 0.14 0.95 0.38 0.81 0.27 
Slag 0.81 0 0.25 2.25 0.50 0.20 0.75 0.50 
10% of clay 0.50 0 0.13 1.88 0.50 0.20 0.54 0.50 
20% of clay 0.14 0 0 2.03 0.54 0.14 0.50 0.54 
30% of clay 0.07 0 0 1.45 0.53 0.11 0.40 0.53 
40% of clay 0.06 0 0 1.45 0.53 0.05 0.26 0.54 
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Table 3. The content of heavy metals in ammonium acetate extract, mg/kg of investigated waste. 


I hazard class 


II hazard class 


Il hazard class 


Sample 

Zn Cd Pb Cu Ni Co Cr Mn 
Clay 0.5 0 6.0 0 2.0 0.4 0 6.0 
Fly ash 3400.0 56.0 650.0 33.0 14.0 4.4 60.0 47.0 
10% of clay 3100.0 52.0 630.0 340 14.0 4.4 56.0 47.0 
20% of clay 2800.0 44.0 600.0 31.0 14.0 4.0 53.0 47.0 
30% of clay 2600.0 36.0 540.0 33.0 15.0 3.6 50.0 44.0 
40% of clay 2400.0 36.0 4700 420 14.0 4.4 48.0 42.0 
Slag 1400.0 2.8 240.0 115.0 12.0 2.4 14.0 180.0 
10% of clay 1400.0 2.8 240.0 73.0 7.0 2.0 13.0 40.0 
20% of clay 1150.0 2.0 240.0 75.0 8.0 2.0 13.0 38.0 
30% of clay 1200.0 1.6 240.0 74.0 8.0 2.0 13.0 36.0 
40% of clay 1150.0 1.2 230.0 61.0 5.0 1.6 12.0 35.0 
Experimental studies indicate that the content of — Zn(x) =—0.08-x°+5.22x-2.36 R°=0.99; (10) 


virtually all the water-soluble forms of heavy metals 
in waste is reduced under the clay processing, ex- 
cept nickel and manganese in the case with slag. As 
for mobile forms of heavy metals, their content in 
the waste also is reduced by the clay processing, 
with the exception of lead in the case of slag and 
nickel in the variant of the study with fly ash. 

For water-soluble forms of the HM that are ab- 
sorbed from the fly ash, the following dependences 
of the absorption efficiency on the concentrations 
Me(x) were defined: 

— for heavy metals of the first hazard class: 


Pb(x) = —0.07-x°+4.83 x-16.18 R?=0.99, (1) 
Zn(x) = 0.04 x°-3.10-x+3.45 R?=0.99, (2) 
Cad(x) = —0.09 x7+6.69-x-58.61 R?=0.99; (3) 


— for heavy metals of the second hazard class: 


Cu(x) = 51.7-[1-exp(-x)] R?=0.99, (4 


Co(x) = —0.013x7+1.45x-2.51  R?=0.99, (5) 


Ni(x) = —0.035 x°+2.66-x-23.64 R?=0.99, (6) 


Cr(x) = 67.5-[1—-exp(—x)] R?=0.98; (7) 


— for heavy metals of the third hazard class: 
Mn(x) = -0.011 x° +1.98 x—3.54  R?=0.94. (8) 


For water-soluble forms of the HM that are ab- 
sorbed from the slag, the following dependences of 
the absorption efficiency on the concentrations 
Me(x) were defined: 

— for heavy metals of the first hazard class: 


Pb(x) =—0.11-x7+6.75x-1.94  R?=0.98, (9) 
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— for heavy metals of the second hazard class: 


Co(x) = 2.4.x-22.5 R?=0.99, (11) 
Cu(x) = 0.90 x+1.429 R?=0.81, (12) 
Cr(x) = —0.008 x7 +1.79-x+3.28  R*=0.96. (13) 


For mobile forms of HM that are absorbed from 
the fly ash the efficiency of metals absorption from 
waste is described by the following equations: 

— for heavy metals of the first hazard class: 


Pb(x) = —0.07 x-2.77 R? =0.94, (14) 
Zn(x) = 0.74-x+1.18 R?=0.99, (15) 
Cd(x) =—0.01 x°+0.41-x-2.04  R°=0.96; (16) 


—for heavy metals of the second and the third 
hazard class: 


Cr(x) = 0.50 x+1.0 R?=0.99, (17) 
Mn(x) = —0.53 x-10.28 R?=0.99. (18) 


Under the further study of the absorption capacity 
of green clay in relation to mobile forms of certain 
HM by methods of physical and chemical modelling 
is established that green clay effectively absorbs 
HM from solution. In order of increasing the limit 
capacity of separate absorption metals are as fol- 
lows: cobalt > nickel > manganese > chromium > 
cadmium > zinc > copper > lead. Green clay ab- 
sorbs heavy metals of the first hazard class the most 
effectively. 

At research of the HM absorption of clay from 
polycomponent mixtures of eight toxic elements in 
concentrations corresponding to their concentration 
in the slag, found that green clay is able to absorb 
all investigated metals from polycomponent mix- 
tures, and increasing weight of clay enhances the 
absorption of each metal from the solution. 


In order of increasing the efficiency of absorption 
from polycomponent mixtures HM can be placed in 
the next row: cadmium > nickel > zinc > cobalt > 
manganese > lead > copper > chrome. Thus, differ- 
ences between absorptive capacity of clay in rela- 
tion to the separate heavy metals and metals in 
complex were specified and the feasibility of using 


of kaolinite-hydromicaceous green clay from over- 
burden rocks of Nikopol manganese ore deposit in 
environmental protection purposes was confirmed. 
Analysis of the results allowed determining optimal 
concentration of clay from an environmental and 
economic point of views that provides most complete 
absorption of harmful substances (Table 4). 


Table 4. The calculation of the optimal concentration of clay for the toxic waste treatment. 


Dependence 


Concentration of clay, % 


The efficiency of absorption of HM water-soluble forms from fly ash, % 


Pb(x) = —0.0721 x°+4.8305 x-16.176 
Zn(x) = —0.0345 x* +3.1034-x+3.4483 
Cd(x) = —0.0861 x? +6.6849 x—-58.613 
Cu(x) = 51.7-[1-exp(-x)] 

Co(x) = 0.0125 x°+1.4486 x-2.5063 
Ni(x) = —0.035 x +2.66 x-23.64 

Cr(x) = 67.5 [1-exp(-x)] 

Mn(x) = —0.0109 x? +1.9782 x-3.5351 
Average 


The efficiency of absorption of HM water-soluble forms from slag, % 


Pb(x) = —0.1057 x°+6.7486 x—1.9429 
Zn(x) = —0.0785 x°+5.522 x-2.3633 
Co(x) = 2.4 x-22.5 

Cu(x) = 0.9022 x+1.4222 

Cr(x) = —0.0076 x°+1.7981 x+3.2762 
Average 


The efficiency of absorption of HM mobile forms from fly ash, % 


Pb(x) = 0.6923 x—-2.7692 

Zn(x) = 0.7353 x+1.1765 

Cd(x) = —0.0102 x’+1.4082 x—2.0408 
Cr(x) = 0.5x+1 

Mn(x) = 0.5319 x-10.284 

Average 


The efficiency of absorption of HM mobile forms from slag, % 


Cd(x) = 1.8571 x-14.286 

Zn(x) = —0.0357 x°+2.2857 x-17.857 

Ni(x) = 0.0063 x°—0.3929 x? +7.1726 x+0.5952 
Cu(x) = 0.0041 x°-0.2776 x°+5.7867 x+0.472 
Cr(x) = 0.0012 x* -0.0714 x°+1.3095 x —7E-13 
Co(x) = 0.0028 x* -0.1667 x° +3.0556 x-2E-12 
Mn(x) = 77.8 [1—-exp(-x)] 

Average 

Average for slag (water-soluble and mobile) 
Average for fly ash (water-soluble and mobile) 


Based on the positive results of the model exper- 
iments a method of reducing the concentration of 
the mobile forms of HM in the products of MSW 
incineration and preventing their migration from the 
waste to the environment was developed. 


257 


10 20 30 40 
24.9 51.6 63.8 61.7 
31.0 a PY 65.5 72.4 
0.0 40.6 64.4 71.0 
Sle 317 51.7 51.7 
10.7 21.5 29.7 35.4 
0.0 15.6 24.7 26.8 
67.5 67.5 67.5 67.5 
15.2 S7 46.0 58.2 
2591 41.5 Sich 55.6 
55.0 90.7 100.0 98.9 
45.0 76.7 92.6 92.9 
1.5 25:5 49.5 73.5 
10.4 19.5 28.5 37.5 
20.5 36.2 50.4 63.0 
26.5 49.7 64.2 73.2 
4.2 11.1 18.0 24.9 
8.5 15.9 252 30.6 
11.0 22.0 31.0 38.0 
6.0 11.0 16.0 21.0 
0.0 0.4 5.7 11.0 
5:9 il 18.8 23l 
4.3 22.9 41.4 60.0 
1.4 13.6 18.6 16.5 
39.3 37.3 32:3 62.1 
34.7 38.0 34.9 50.2 
ded Tod 7.4 14.9 
16.7 16.8 17:2 34.7 
71.8 71.8 71.8 71.8 
25.9 30.5 32.8 45.2 
26.2 40.1 48.5 I9 
15.5 26.8 32 40.3 


Analysis of clays absorption of HM revealed that 
rational concentration of clay for decontamination 
of MSW incineration products is the concentration 
30 + 5% of the weight of the sample. In processing 
the researched waste with this clay amount the de- 


creasing of content of HM mobile forms was ob- 
served in slag in average of 50%, in fly ash in aver- 
age of 35%. Further increasing the amount of clay 
for processing these wastes is unnecessary, because 
the addition of 40% clay increased in the extent of 
absorption of heavy metals by only 3 — 4%. 

To protect the environment from combustion 
products of municipal solid waste by reducing the 
amount of mobile forms of HM and to prevent their 
migration into the environment appropriate envi- 
ronmental technologies were developed. 

The technology is implemented as follows: MSW 
incineration slag is subjected to sifting to remove 
large inert fractions such as stones, broken glass, 
ceramics, etc. Sifted out slag is ground to obtain a 
uniform fractional composition and the green clay is 
ground in the same way. Because the technological 
scheme of thermal processing of solid waste at do- 
mestic plants involves wet removal of slag from 
waste heat boilers the additional moisture o slag is 
unnecessary. In the case with fly ash there is no 
need for the previous grinding and sifting because 
70—90% of fly ash has particles with a diameter 
less than 50 microns. But fly ash requires moisten- 
ing before mixing with clay. Then clay is added to 
waste in specific percentage and mixed them until a 
homogeneous mass. At the interaction of clay with 
products of MSW combustion ions of heavy metals 
are linking and fixing by the whole mass of clay as a 
result of ion exchange, which reduces the environ- 
mental hazard class of studied waste. 

After drying processed in such a incineration 
wastes are suitable for storage and the further sec- 
ondary use (e.g. road construction) without threat to 
the environment. 

Taking into account modern disparity of pay- 
ments for waste disposal and its real potential dan- 
ger for the environment and significant costs for the 
purchase and transportation of clay, designed meth- 
od will have an economic effect only when stand- 
ards of environmental tax for environmental pollu- 
tion at the state level will be viewing. 


4 CONCLUSIONS 


Green clay of Nikopol deposit of manganese ores 
mined at Ordzhonikidze MPP as passing raw mate- 
rial is dispersed kaolinite-hydromicaceous clay that 
contains minerals of montmorillonite and hydromi- 
ca and has great absorption capacity in relation to 
the heavy metals. Established that the limit HM 
absorption capacity of given clay rocks varies from 
10 to 110 mg/d, in descending order of the limit 
capacity heavy metals can be arranged as follows: 
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lead > copper > zinc > cadmium > chrome > man- 
ganese > nickel > cobalt. 

Also found that clay is able to absorb heavy met- 
als not only individually, but also from polycompo- 
nent mixtures, while as decreasing the efficiency of 
absorption heavy metals can be arranged in the fol- 
lowing order: chrome > copper > lead > manga- 
nese > cobalt > zinc > nickel > cadmium. Thus 
differences between the absorption capacity of clay 
in relation to the separate heavy metals and metals 
in the complex are concretized. The obtained results 
allow recommending the use of clay as an effective 
sorbent for environmental purposes. 

The method of reducing environmental hazard of 
MSW combustion products that consists in the pro- 
cessing of wastes with clay sorbent at a concentra- 
tion of 30 + 5% is developed. As a result of waste 
treatment with clay the content of water-soluble 
forms of heavy metals in the slag is reduced by 
64%, mobile form of HM is reduced by 33%. In the 
fly ash the amount of HM in water-soluble form is 
reduced by 52%, in the mobile form — by 19%. The 
implementation into practice of the proposed meth- 
od of neutralization of MSW incineration products 
will reduce the level of heavy metals migration from 
waste into the environment and ensure the environ- 
mental safety of such waste storage areas. 

Thus, the use of overburden rocks of opencast 
mineral deposits reduces the toxicity of industrial 
waste. We believe that the overburden rocks can 
also be used to detoxify other hazardous waste due 
to its high absorbing properties. 
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Test load envelope of semi — premium O&G pipe 


coupling with bayonet locks 


V. Protsiv, K. Ziborov & S. Fedoriachenko 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: The most prospective (amongst the existing premium and semi premium) pipe couplings for 
O&G production and industry are defined. Stress, which arises within the thread coupling elements while 
different offset and preload, subject to loading regimes according to standard ISO/FDIS 13679 is calculated 
by the usage of the finite element analysis (FEA). The stress in 9” pipe coupling with buttress thread is simu- 
lated. The simulation provided for pipe couplings, with bayonet locks on the pipes ends. Substantiated, that 
such connection is enough hermetical and preserves the failure of the box caused by overstress and possible 
breaking owing to too high torque, which arises during assembling of pipeline. Denoted situation can oc- 
curred while assembling a new pipe segment or under influence of external factors, which act on a pipe dur- 
ing exploitation in underground or underwater environment. 


1 INTRODUCTION 


There are many pipe’s threaded couplings, which 
are used for casing or exploitation pipes, drill rods 
for oil-extracting wellsites or analogical, such as 
geothermal one (Super-sealed tubular...2004). 
There are also several threaded pipe couplings, 
which are used on G&O casings, known as Riser 
and are used for bores connection with marine oil 
platforms on the shelf (Meeterns et al. 2010). Such 
pipe couplings are subjected to numerous different 
loads (axial tension — compression, internal or ex- 
ternal pressure of liquid or gas substance, bending, 
torsion) which can act in multiple combinations 
(e.g. torsion and internal pressure) with lasting vari- 
able intensity. Hermetical (or “semi premium’, also 
known as “standard’’) and extra hermetical (“premi- 
um”) threaded pipe couplings might have not only 
high tensile strength, but to stay hermetical (in par- 
ticular it concerns gas pipelines) in spite of the stress 
influence including combined loads. Above all, the 
boxes, which connect separate pipe segments, are 
prone to rupture. On the Figure 1 a pipe and a box are 
depicted (pipes are represented as threaded nipples). 
The study purpose. Provide strength calculation of 
the semi-premium coupling with conical buttress 
thread and bayonet locks on the connecting pipe ends. 


2 THE RESEARCH RESULTS 


The most perspective semi-premium pipe coupling 
is to be read a buttress inch thread (Buttress, API 
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spec. 5B USA) (Specification for Tread- 
ing...2008). It has incline of side thread edges in 
cross-section equals to 3° and 10°, which while the 
conicity 1:16 that allows to provide self-braking. 
Moreover, the symmetrical profile of the pipe and 
box thread, tiny thread element bending radii 
(from 0.2 to 0.76 mm) provide higher pressure in 
the coupling, that is the result of screwing pipe in 
the box with predefined torque that is necessary to 
obtain certain preload. Thus, linear overlap of ini- 
tial thread contour of pipe and box generates ten- 
sile and compression stresses that must not exceed 
the proportional limit of the material. 





Figure 1. Threaded pipe coupling: 1-— box; 2- the first 
connecting pipe; 3 — check control mark on the first pipe; 
4 — the second connecting pipe. 


This parameter (proportional limit) thought to be 
maximal, because pipe coupling trials according to 
CAL I, CAL II, CAL UI and CAL IV predict to 
provide six serial hand tight screwing — unscrewing 
with no thread damage. Only after seventh screwing 
with maximal necessary torque the pipe comes to 
the next trial stage with full exploitation loads. As a 
material for coupling boxes and drill casings could 
be used quenched and tempered steels P110 and 
Q125 according to API 5 CT Specification. Their 
proportional limits are 758 and 860 MPa correspond- 
ingly (Specification for Casting...2008). Therefore, 
the first stage of computational experiment is devot- 
ed to finite element analysis of pipe and box cou- 
pling of the first production stage at the enterprise. 

After the pipe and the box are produced, they are 
getting coupled. For this reason, the box / (Fig- 
ure 1) screws on the pipe end 2 while the pipe end 
coincide with check mark 3, situated on the depicted 
pipe. It allows to screw the pipe near the box center. 
As it stands, the pipe set delivers to consumer (if re- 
quired, another procedures can be done, e.g. colour- 
ing, oiling, dressing an end cap etc.). 

In order to study stress-strain state of the coupling 
the geometric preload 0.45 mm has been included (the 
preload of thread contour of the pipe and the box). 
Geometrical way to put the preload is more efficient in 
comparison with the usage of default in-built functions 
of Ansys R15, because the contact is non-linear and 
the preload value can vary across the edges. 

The majority of using stress-strain simulation tech- 
nologies includes generation of 3D bar, that resulted as 
the cross section of two parallel surfaces, which are 
situated on some distance between them along the 
pipe coupling axis. To improve the quality of the re- 
search we have designed 3D couplings which let us 
take into account the compensation of internal pres- 
sure of finite elements massive with minimum as- 
sumptions. Furthermore, it let describe a frictional 
contact of nonlinear treaded contact. Thus, we have 
obtained a maximal convergence with physical model. 

The disadvantages of denoted method are signifi- 
cant hardware and software requirements: necessity 
to provide big RAM and high performance CPU. To 
increase convergence and cut off the processing 
time, the contact rigidity of a turn of the tread has 
been reduced, that, by the way, did not reflected on 
the results. 

The stress, which arises in box-pipe coupling af- 
ter assembling in industrial facilities and following 
shipping to a supplier is depicted on the Figure 2. 

As we can see on Figure 2, the maximal stress in this 
case exceeds both proportional limit and yield stress 
(862 and 930 MPa correspondingly for chosen steels), 
that, naturally, will cause thread destruction and box 
blowout, as the weakest element of the coupling. 
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Figure 2. The stress in threaded pipe coupling with 
0.45 mm preload. 


Hence, it will be reasonable to reduce the preload 
up to 0.25 mm, for instance. Such case of a coupling 
is depicted on the Figure 3. 
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Figure 3. The stress in pipe coupling with 0.25 mm preload. 


In this case the maximal stress does not exceed the 
proportional limit, thus such pipe coupling can be run 
for the following research under the load. For exam- 
ple, let’s apply an internal pressure of 80 MPa that 
imitates liquid or gas pressure. 

Before the next step, necessary to provide the sec- 
ond production step — to screw the second pipe end 
till both ends will be in tight frictional contact inside 
the box. In this case, too big torque will cause the 
skid of the pipe ends. Inasmuch that friction coeffi- 
cient of a steel by steel with obligated lubricant be- 
tween contacting surfaces can be miserable 
(0.05 — 0.10), the friction force will be insufficient to 
couple the pipes in this case. Even extra pipe end 
treatment for bigger roughness and grooving (includ- 
ing wave, tooth or combined profiles) will not come 
up with necessary result, because along the “hand- 
made” assembling the pipe’s ends will be damaging, 
that is unacceptable. 

The picture of the stress, the arises in pipe coupling 
with 0.25 preload and 80 MPa internal pressure is 
brought in the Figure 4. 
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Figure 4. The stress in pipe coupling with 0.25 preload and 
internal pressure 80 MPa. 


Because the maximal stress in the thread elements 
does not exceed even the proportional limit, we can 
assume that such coupling is able to work, although it 
can not predict box blowout when extra torque will be 
applied to a new pipe. 

To predict the jacking of a new pipe over another, 
lets use the perspective bayonet pipe coupling (Pipe 
Threaded Couplings 2014). 

If necessary to add another pipe segment during 
drilling a well or a pipe line building, into the free 
pipe box | of pipe line is screwing threaded pipe end 
of the next pipe. The pipe screws until, for instance, 
the conical pipe coupling will be hermetical (Fig- 
ure 5; here brought the same element indexes as on 
the Figure 1). 











Figure 5. The finished coupling of two bayonet pipes: 
1 —box; 2- the first coupling pipe; 4-— the second cou- 
pling pipe; 5 — preload in threaded coupling; 6 -— the inter- 
acting line of two bayonet locks of coupling pipes. 


In order to get that done to pipe 4 necessary to 
apply such torque, that is needed to evolve certain 
preload 5 (the dash lines on the pipe and box section 
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form cross grid) By the way, the same preload has 
been formed on first production stage (while screw- 
ing box / on the first pipe 2 in the plant facilities). 
The coupling process of the pipe 4 with box / will 
finish, when bayonet locks on the pipes’ ends 2 and 
4 will coincide and joint together along the line 6 
inside the box. The length of this line will be equal 
to overlap height h,, of side bayonet snug. The bayo- 
net snugs are brought on the Figure 6 under the posi- 
tions 7 and 8 for spiral and rectangular notches, and 
9 — for embedded into a lengthwise canals pivots. 
The picture of the stress, allocated in pipe threaded 
coupling with bayonet locks and 0.25 mm preload, 
internal pressure 80 MPa is brought on the Figure 7. 





Figure 6. The drill pipes with bayonet locks of different 
types: 7 — spiral notch; 8 — rectangular notch; 9 — pivot on 
the pipe end. 


























Figure 7. The stress in pipe threaded coupling with bayonet 
locks with 0.25 mm preload and 80 MPa internal pressure. 


Because the maximal stress does not exceed the 
proportional limit we can assume, the developed pipe 
coupling is able to work (hermetical and rigid). An 
additional screwing of a new pipe in relevance to an- 
other is predicted, so the stress growth is impossible, 
and, correspondingly, box blowout. 


3. CONCLUSIONS 


1. Semi premium hermetical pipe coupling can be 
produced basing on the conical buttress thread with 
bayonet locks on the pipes’ ends. 

2. The sufficient preload in the thread elements 
equals to 0.25 mm, ignoring production allowance. 

3. The stress simulation using the finite element 
method have to take into account the frictional con- 
tact of interacting threaded elements with preload; the 
geometrical overlap while non-linear contact with 
variable preload along the edges is reasonable to de- 
fine in CAD software. 
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Analytical modeling of the backfill massif deformations 
around the chamber with mining depth increase 


O. Khomenko, M. Kononenko & M. Petlovanyi 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: Using thermodynamic analytical research method, the investigation of strains formation in the 
backfill massif around the chamber of second stage was performed. It was established that the horizontal and 
vertical dimensions of areas vary with increasing deformation depth of the development by logarithmic and 


exponential law with relevant empirical equations. 


1 INTRODUCTION 


During the development of steeply dipping ore de- 
posits using chamber systems with solid backfill the 
quality of extracted minerals is determined by the 
stability of backfilling mass. Use the chamber min- 
ing with a solid backfill mainly carried out on the 
“chamber-pillar” method with the mining from the 
center of the mine field to its flanks. The technology 
of mining involves practicing inter-chamber ore 
pillars in the second stage, which are located near 
artificial rock massif. With this order of ore deposits 
mining, there is contamination of ore with waste 
rock and contaminated backfill. Contaminated ore 
with collapsed backfill causes significant harm to the 
economic activity of the enterprise, manifested in the 
reduction of product quality and technical and eco- 
nomic performance. For example, getting only 1% of 
the backfill material in the ore is accompanied with 
decrease value 1.7 — 2% (Kuzmenko et al. 2014). 
Deformation characteristics of backfill signifi- 
cantly inferior ore-rock massif, so the increased 
concentration of the stress increases with mining 
depth increase that contributes the collapse and fall 
out of rock massif (Falshtynskyy et al. 2012, Fal- 
shtynskyi et al. 2013). In this regard, the assessment 
of deformations occurring in backfilling mass adja- 
cent to the mining chambers by increasing the depth 
of the development is an important scientific and 
practical problem, the solution of which will allow 
forecasting the stability of artificial rock massif. 


2 THE MAIN PART OF THE ARTICLE 


The object of the research is the technology of 
mining in Pivdenno-Bilozerske rich iron ore deposit, 
which is developing by Private Joint Stock Compa- 
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ny “Zaporizhskyi iron ore plant” (PJSC “ZIOP’’) 
using the chamber system development with solid 
backfilling. Developed and implemented recom- 
mendations of Mining Research Institute of State 
Higher Educational Institution “National Kryvyi Rih 
University” a new form of chambers for the condi- 
tions of the Pivdenno-Bilozerske deposits has re- 
duced the amount of roadway construction and the 
time of delivery equipment in blocks. This has been 
achieved through the formation of a high sloping 
rock at the bottom of the hanging wall deposits. 
Changing the system design development led to 
intensification of rock pressure increase on the 
contours of the working space, where there are rock 
inrush, adjacent strata and backfill. 

The research of destructive strains that have been 
developed in adjacent strata of backfill massif around 
chambers of second stages was examined. This is due 
to the fact that at the location of chambers on the 
second stage of contact with hanging wall rocks, the 
influence of the space and time factor of their expo- 
sure to the stability of the rock massif, so the impact 
of backfilling in this case is very difficult. 

Contamination of ore during ore extraction in the 
footwall has an extraordinary character (Kuzmenko 
2014). During iron ore extraction in the chamber of 
the first stage contamination of ore makes up to 
0.5 — 1.8% of the rock. Then from chambers of the 
second stage such indicators make up to 3 — 5.1% of 
the rock. This confirms the negative impact of 
backfilling mass during mining of chamber stock in 
contact with the footwall side of rocks. Increased 
ore contamination is the result of complex geome- 
chanical processes occurring in the rock massif, 
consisting of ore, adjacent strata and backfill. Estab- 
lishing of contamination character is necessary for 
the production of the cutter-loader and in general for 
mining science. Similar studies have been carried 


out previously for mining ore deposit for the floor of 
940 — 1040 m (Khomenko et al. 2014), but in this 
paper we consider the change of destructive strains 
with mining depth increase. 

Under condition of Pivdenno-Bilozerske deposit 
physical-mechanical properties of ore, rocks and 
backfill are represented in a wide range. Strength of 
ores ranges from 60 to 80 MPa, the adjacent strata 
80 — 140 MPa, backfill 50 — 60 MPa (by a factor of 
stability). Bulk weight of ore is 0.39 — 0.4 MN/m 
and adjacent rocks varies from 0.21 to 0.29 MN/m’. 
The strength of rocks and backfill significantly affect 
the rock massif deformation around the chamber of 
the second stage. To assess the spread of strain fields 
around the extraction chamber in the rock massif was 
selected one of the modern analytical method. Anal- 
ysis of theoretical research methods allowed us to 
determine the most appropriate method — thermody- 
namic (Lavrinenko & Lisak 1993), which gives the 
highest accuracy of (85 — 90%) calculated and direct- 
ly measured elastic deformations. 

Assess the impact of destructive deformations on 
backfilling massif formed in the zone of chambers 
influence is possible with mining depth increase 
(Lozynskyi et al. 2015). Ore extraction in footwall 
chambers surrounded backfilling massif strike on ore 
deposit shows a wide variation of contamination 
indicators from 2 to 7%. This is due to the variety of 
influencing factors such as hardness of rocks, fractur- 
ing, area and the time of exposure, varying elements 
of the block parameters (height, width, length of the 
chamber). Therefore, to determine the influence of 
mining depth is useful to consider ore contamination 
during mining with the same chamber parameters for 
a particular area of the deposit. For this we consider 
abandoned place — 4s deposits at a depth of 465 — 
840 m, chamber 1/4s (level 465 — 580 m), 1/4s (level 
548 — 640 m), 2/4s (level 640— 740m) 1/4s (level 
740 — 840 m) with an average chamber parameters: 
height — 110 meters, width — 30m, length — 45 m. 
Ore contamination indicators and volume of reserves 
are shown in Table 1. According to the data presented 
in Table 1 was plotted diagram (Figure 1) the influ- 
ence of mining depth to backfill collapse during ore 
extraction along the axis 4s. 


Table 1. Contamination of ore extracted in second stage 
chamber along the axis 4s. 


Reserves in Contamination of 
Chamber Level, m chamber, ore, thousand 
thousand tons tons/% 
1/4s 465 — 580 323 7.9/2.47 
1/4s 548 — 640 313 13.2/4.23 
2/4s 640 — 740 303 16.6/5.55 
1/4s 740 — 840 590 18.6/3.16 





= 20 
N 
5 
3 
= 15 
B 
S 
o 10 
N 
œ 
3 
9 5 
T 
mg 
QO 
3 
aa 


465-580 548-640 640-740 740 -840 


Level, m 


Figure 1. Influence of mining depth to backfill collapse 
during ore extraction along the axis 4s. 


From Figure | is shown that there is correlation 
between the depth and the volume of backfill massif 
caving in the working chamber. The trend shows 
that with mining depth increase from 465 to 840 m 
volumes of caving increased by 2.3 times. For more 
reliable results need to be exploring more of the 
number of chambers located in different axes along 
the strike of the deposit. The aim of further research 
is the study of the nature of destructive defor- 
mations in the rock massif surrounding ore reserves 
in the chamber of the second stage with mining 
depth increase. Main objectives of the analytical 
modeling are: the study of destructive deformations 
areas around the secondary chamber; the influence 
of the depth of the secondary chamber on the rock 
massif; to identify the law of destructive defor- 
mation changes in the rock massif. 

Increasing the depth of the chamber is accompanied 
by an increase in the destressed zone and rising ten- 
sions of surrounding rocks. Deformation occurs in 
places where the real stress arising within rock massif 
destressed zone, exceed the maximum allowable ten- 
sile or shear. The difference between the current and 
ultimate strain reflects the safety factor. For the same 
geological conditions analytical modeling of the influ- 
ence of second stage chamber on the rock massif and 
backfill was made to the depth of exploitation 840 — 
1040 m. As an example, we saw the formation of 
deformation areas in the rock massif and backfill of the 
second stage chamber, located across the strike of the 
deposit at different laying depth (Figure 2). 

Figure 2 shows that the area of backfill defor- 
mation around the second stage chamber across the 
strike of the deposit becoming elongated shape 
resembling an ellipse and arranged in a backfill 
massif of the primary chamber and the chamber 
roof. On 2/3 the height of the chamber in backfill 
massif of the primary chamber, the deformation area 
with increasing depth of the chamber from 840 to 
1040 m spreading towards the rock outcrop hanging 
wall at a distance of 27 — 30 m. 
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Figure 2. Formation areas of possible destructive strains in 
the unloading area of second stage chambers across the 
strike of the deposit at a depth of their location: (a) 840 m; 
(b) 940 m; (c) 1040 m. 


The width of this strain region increased from 
30-35 m up to 38—42m and has an effect on 
the power required reinforcement layer of back- 
fill. In the roof of the chamber, at a depth of 
840 m of mining operations in backfill massif of 
overlaying layer, the deformation extends to the 
height of 6.5 m. With depth increase of the cham- 
ber to 1040 m, the area of deformation increases 
up to 14 meters. The width of this area with min- 
ing depth increase from 840 to 1040 m increases 
from 20 — 26m to 27—32m. It should be noted 
that the destruction of the roof and the chamber is 
more likely caused by the gravitation forces, 
while caving out of the chamber sides occur in its 
path. At the same time, in the depth of the backfill 
massif occurs fracturing and discontinuity. 

Gross findings of the stress-deformed state of the 
backfill massif can be seen from changes of areas of 
possible destructive strains (Figure 3). 
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Figure 3. Change of failure area in the backfill massif in 
chambers of the first stage (a) and in the top of chambers 
of the second stage (b) with mining depth increase. 


After approximation of the maximum values us- 
ing Microsoft Excel 2013 empirical law equations 
of the failure area value U on depth H was ob- 
tained. For the backfill massif, surrounding sec- 
ondary chamber along the strike of deposits the 
empirical law is written as: 
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— failure area in backfill massif of the first stage 
chamber mining: 


U =17.2- 200006 m, R? = 0.9974, (1) 


where H- depth of the geometric center of the 
chamber, m; R — authenticity of approximation. 

— failure area in backfill massif in roof rocks of 
the second stage chamber mining: 


U =0.42-¢905-4 m, R? = 0.9904. (2) 


As an example the formation of strain fields in the 
backfill massif, surrounding chambers of the second 
stage located along the strike of the deposit at dif- 
ferent laying depth (Figure 4). 
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Figure 4. Formation of the failure area around the cham- 
bers of the second stage located along the strike of the 
deposit at a depth of: (a) 840 m; (b) 940 m; (c) 1040 m. 


Figure 4 clearly shows that the area of backfill 
massif deformation around the chamber has an 
elongated shape resembling an ellipse and arranged 
in sides of the chamber. On 2/3 the height of the 
chamber the deformation area with increasing depth 
of the chamber from 840 to 1040 m spreading to- 
wards the rock outcrop at a distance of 18 — 22.5 m. 
The width of this strain region increased from 20 — 
25 m up to 28-31 

Changes in the stress-strain state in the backfill 
massif of chambers of the second stage, which are 
located along the strike of the deposit with mining 
depth increase, can be observed on areas of possible 
destructive strains (Figure 5). 
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Figure 5. Change of the failure area in the backfill massif 
in chambers of the first stage located at sides of chambers 
of the second stage with mining depth increase. 


After approximation of the maximum values using 
Microsoft Excel 2013 empirical law equations of the 
failure area value U on depth H was obtained. For 


backfill massif, surrounding secondary chamber along 
the strike of deposits the empirical law is written as: 


U =7.7-e®°%LH_ m, R? = 0.9953. (3) 


Further studies will allow changes in width of the 
failure area in backfill massif in the chamber of 
second stage with mining depth increase (Figure 6). 
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Figure 6. Change of the width of failure area in the backfill 
massif in chambers of the second stage with mining depth 
increase. 


After approximation of the maximum values us- 
ing Microsoft Excel 2013 empirical law equations 
of the failure area value U on depth B was obtained. 
For the backfill massif, surrounding secondary 
chamber along the strike of deposits the empirical 
law is written as: 

— failure area in the backfill massif of the first 
stage chamber mining: 


B =27.6-In(H)-148.7 , m, R? = 0.9587; (4) 


— failure area in the backfill massif in rocks of the 
roof of second stage chamber mining: 


B =24.7-In(H)-138.4, m, R? = 0.9796; (5) 


— failure area in the backfill massif in rocks of a 
workings of the second stage chamber mining: 


B=25.5-In(H)-145.4, m, R? = 0.9972. (6) 


Research results of conducted investigation in the 
context of failure area in the backfill massif around 
the chamber of second stage with mining depth 
increase can be described by the exponential law 
and its width by the logarithmic law. This empirical 
law of the deformation and its width for different 
mining laying depths allow defining the size and 
shape of the failure area, which significantly affect 
the stability of backfilling massif in chambers. The 
studies confirm the importance of mining in the 
areas of destructive deformations that must be fol- 
lowed with accurate backfilling massif deformation. 
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3 CONCLUSIONS 


During the chamber mining with a hardening backfill 
with mining depth increase by 1.6 times the volume 
of backfill massif caving on the contour of the second 
stage chamber mining increased by 2.3 times. Analy- 
sis of the caving formation should be carried out 
down-dip of ore deposits by ones geological section. 

The size of failure deformations in the backfill mas- 
sif in the chamber of first stage, as well as sides and 
roof of the second stage chamber exponentially de- 
pend on the mining depth. The most intense defor- 
mations developed in roof rocks of the chamber, with 
mining depth increase by 1.6 times. Their value in- 
creased by 2.1 times, and in the backfilling massif in 
chambers of the first stage and the sides of the cham- 
bers of second stage only by 1.1 — 1.2 times. 

With mining depth increase the width of failure 
area develops more intense than in the horizontal 
plane by 1.3 times and change by logarithmic law, 
which leads to additional costs for forming the 
hardened backfill layer. 
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The questions of main drift protection 


in Western Donbas coal mines 


O. Gayday & N. Gurgiy 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: The estimation of application of coal pillars of rectangular form is given for the protection of 
main drifts on mine “Zahidno-Donbaska” Open Corporation of “DTEK “Pavlogradugol’. The losses of coal 
are evident on a particular example, as a result of pillar abandonment, and also the issues of stability, related 
to the estimation of the protection of main drifts, are considered. 


1 INTRODUCTION 


At implementation of mining of coal fields the main 
production link is the mining site providing mining of 
coal with the set quality indicators. Successful work 
of a site depends on many factors. One of the main 
factors is the condition of mines workings, but not 
only preparatory, but also main which are necessary 
links in mineral transportation, and also for imple- 
mentation of ventilation of mine in general. 

So far the general principle of protection of mine 
workings from influence of mining works by means 
of pillar of coal was its arrangement out of a zone of 
basic pressure. The mine workings in this case settle 
down perpendicularly to the main drift therefore the 
left protective pillar get a rectangular shape 
(Bondarenko et al. 2012). At approach to the main 
drift of mining works from a mine working column 
occurs a “reeling” wave of mining pressure in the di- 
rection of action of the maximum stretching tension 
on horizontal axis that leads to easing of the bearing 
ability of a pillar and deformation of a contour of the 
main drift. Inefficient protection of the main mine 
workings is result of this action, to this fact the huge 
statistics of refastening of mine workings. The unsat- 
isfactory condition of mine workings does impossible 
normal mining of coal, and especially the successful. 

So, for synthesis of the correct technological de- 
cision, what parameters the left protective pillar of 
coal for the main workings have to possess, it is 
necessary to have regularities of change of a condi- 
tion of a massif in specific conditions taking into 
account the predominating jointing. 

The jointing of rocks breaks integrity of rocks weak- 
ens their stability. Distinguish born (natural) jointing 
(cleavage), the tectonic jointing and cracks caused by 
mining pressure (Falshtyns’kyy et al. 2013). Duration 
of operation of the main drifts assumes need of their 


21l 


maintenance for operating state. For this purpose the 
way of protective pillars of coal of mine workings is 
mainly applied. By means of such way protect about 
90% of extent of capital and main mine workings of 
coal mines of Ukraine. 

Coal pillar has large dimensions both along the 
strike and on descent or ascension of coal seam. 
Along the strike they are limited to workings of ex- 
traction columns, and on descent (ascension) — bor- 
ders of the goaf. The transport, conveyor and venti- 
lating mine workings that adjoin the main drifts 
usually meet at the angle 90°. In this case coal pillar 
get the form close to a rectangle. 

To ensure sustainability of mine workings they 
are constructed with taking into account the mining- 
and-geological parameters such as depth of their ar- 
rangement, coefficient of structural easing of rocks 
and so on. According to Instructions (Instructions 
on a rational arrangement... 1986) dimensions of 
protective coal pillar of the preparatory mine work- 
ing which are carried out in the massif by the nar- 
row-web-mining should be accepted according to 
requirements of subsection 5.7. 


2 MAIN PART 


The coefficient of structural easing for rocks of the 
Western Donbas lies within 0.6 — 0 75 (soapstone’s 
and siltstones). Taking into account that stress value 
in calculation of rocks resistance with applied mon- 
oaxial compression doesn’t exceed 20 MPa. 

Mine working, as a rule, cross numerous zones of 
plicative and disjunctive dislocations and therefore 
the established depth of their arrangement should be 
increased in comparison with actual, approximately 
by 1.2 times. It means that width of a protective coal 
pillar of main drifts which are 450 — 500 m deep, 
has to be 96 m. 


The specified width, has been determined by cal- 
culations of “Dniprogiproshakht” institute in coor- 
dination with the National Mining University, estab- 
lishes the minimum protection requirements of the 
main drifts in mines of Western Donbas. 

The maximum width of protective pillar reaches 
150 m that leads to unfairly big losses of coal. 

After mining out 50 — 65 m of extraction columns 
using the protective pillar of the main drift there is 
such amount of left out coal that it exceeds its annu- 
al design capacity. 

Despite it, stability of the main drifts on consider- 
able extent more than is unsatisfactory for normal 
functioning of mine working. 

Considering the aforesaid, while designing a pro- 
tective pillar of sheeted mine working it is important 
to choose its form correctly. 

The general principle of protection of the main 
drifts from influence of mining activity by means of 
pillar is locating them out of a zone of bearing pres- 
sure. However, due to the lack of reliable ways to de- 
termine the stress in the rock massif, the size of a 
zone of basic pressure usually has been established 
according to indirect characteristics of rock pressure. 
Therefore at measurement of different characteristics 
of manifestation of bearing pressure (shift, defor- 
mation, etc.) the received parameters of a bearing 
pressure zone will differ. The analysis of publications 
shows that the big difference in estimations of width 
of a zone of bearing pressure (from 18 to 240 m) is 
substantially caused by distinction in methods of an 
assessment of zone size (Vasilyev & Malinin 1960). 

We will discuss the issue of unjustified losses of 
coal, and also sustainability of the main mining work- 
ing on a concrete example in conditions of mines of 
Western Donbas; in particular, of “Zahidno- 
Donbaska” mine of “DTEK “Pavlogradvugillia’”. 

At the mine some coal seams are developed, in 
particular coal seam C,' the block No 1. The main 
drifts, capital cross-cuts and other mine workings 
are necessary for transportation and ventilation, and 
therefore particularly important mine areas count 
tens of kilometers. The unsatisfactory condition of 
development owing to influence of mining works in 
the 833™ stoping face becames result of actions for 
protection of the southern main tramming drift (loss- 
es of coal in a pillar made 21384 t). 

In the 833" stoping face (length of the stoping face 
is 160 m, coal seam capacity Cg! on this site is 0.9 m) 
extraction works were finished at distance of 110m 
from the southern main tramming drift (Figure 1). 

The face is parallel to a longitudinal axis of a drift 
therefore for its protection it is left pillar squared coal. 
On a site of pickets (Pic) of the 30 — 50 in three years is 
needed for refastening arose. Changing of shift of side 
rocks from time of supervision 1s given in Figure 2. 
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Figure 1. The Fragment of the plan of mining works of 
seam C 
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Figure 2. Nature of shifts u side rocks from time t super- 
vision. 


The southern main tramming drift on a piece from 
picket 1 to 81 was retimber by ring lining that con- 
siderably improved stability of mine working for fur- 
ther use. Results of coalmine tool measurements at 
control of the content of mine working are specified 
in Table 1. 

Experience of conducting mine workings in 
Western Donbas shows, that leaving of protective 
pillar doesn’t provide a satisfactory condition of 
mine working during operation time. 

It is established by the researches conducted on 
Zahidno-Donbaska mine that the reason for that — 
moving of a zone of the increased mining pressure 
(IMP) to depth of a pillar after a stoping face stopage. 


Table 1. Results of mine tool measurements. 


The in- The Shifts Dis- 
stalla- height Ti f in the tance 
tion lo- of the oo. roof from a 
cation mine te and drift to 
of me- work- v ; the a stop- 
. i days i . 
tering ings, soil, ing 
stations mm mm face, m 

Pic 1 3481 391 253 300 
Pic 5 3416 2343 662 250 
Pic 10 3420 1264 1015 200 
Pic 15 3475 1662 923 150 
Pic 20 3600 2343 1442 100 
Pic 24 3720 1581 1289 50 
Pic 30 3180 1447 644 10 
Pic 40 3345 1551 452 10 
Pic 50 3287 1802 422 10 
Pic 60 3480 240 90 10 
Fic 3325 293 336 50 
70+6m 

rig 3239 324 127 100 
75+6m 

Pic 81 3320 229 103 150 


Thus, when performing further researches, there 
is a need of justification of rationally effective way 
of protective pillars of coal the main drifts, namely 
their forms as the rectangular doesn’t satisfy to 
questions of stability of excavations during the long 
period (Kravchenko 1970). 

Variable width of a pillar promotes attenuation of 
loadings on support when conducting mining works 
near the main drift and to the best perception of in- 
ternal tension of the massif of rocks (Kolokolov & 
Gayday 2004). 

As it is known (Grishkova 1947), the main indica- 
tor of a form of cross section of a pillar is the hy- 
draulic radius, that is the relation of the area of cross 
section of a pillar to its perimeter: 


R=S/L, 


where S — the area of cross section, m’; L — perime- 
ter length, m. 

The best ratio at a triangular form of cross section 
pillar of coal was reached. 

Besides, change of a form of the protective pillar 
on triangular will allow reducing losses of coal by 
35 —45% in comparison with a rectangular shape. 
Thus strength properties of a pillar don’t decrease, 
and deformation fix in a drift decreases. 
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In view of that the coal massif near the main drift 
is weakened by an unloading zone, mining works 
are stoped at its border. It gives to a pillar the form 
of a trapezium (Figure 3). 


Main drift 


Pillars 





Figure 3. Scheme of an arrangement of local mine work- 
ings at an angle to the predominating jointing. 


At an arrangement of an extraction column at an 
angle 6 < 90 ° the zone of basic pressure of a stoping 
face moves in the direction of action on a horizontal 
axis of the main squeezing tension. It promotes de- 
crease in probability of manifestations of the gas dy- 
namic phenomena at clearing dredging and reduction 
of number of inrushes of rocks of a roof. 


3 CONCLUSIONS 


1. For ensuring stability of the main drift on mines 
of Western Donbas pillar 100- 150m wide is 
leaved that leads to unfairly big losses of coal. 

2. Leaving of pillar at main mining workings pro- 
vides temporary maintenance of their initial stability. 

3. The main reason for the created real situation is 
insufficient attention to an assessment of mining-and- 
geological conditions in consequence of which quite 
often form pillar of coal of the insufficient sizes. 

4. It is necessary to reconsider a question concern- 
ing a form of the left pillar of coal, to correct the gen- 
eral principle of a way of protective pillar of the main 
drifts and to continue researches in this direction. 
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Rationale for the parameters equipment for 
rope dehydration of mining hoisting installations 


K. Zabolotny, S. Zinovyev, A. Zupiev & E. Panchenko 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: The interaction of air current with water film on a surface of moving hoist rope of mining hoist- 
ing installation is investigated. The mathematical models of carrying water by hoist rope and removing water 
from hoist rope surface are developed. The conformity of setting mathematical models is proved by experi- 
ments in the laboratory and mine. The parameters of the equipment for rope dehydration are grounded. Use of 
this parameters guarantees complete deleting of water from rope surface with probability of 95%. The method- 
ical recommendations for ground of rational parameters of equipment for rope dehydration are developed and 
introduced on the production amalgamation “Krasnoarmiyskvugillya” and into design works of the state pro- 
ject institute “Kryvbasproekt’. The idea of water-deleting device is used in the methodical recommendations. 
The coming economic effect from introduction of equipment for rope dehydration is the 600 thousand hryv- 
nias for public corporation “Kryvbaszalizrudkom” mine “Gvardiyska” due to running costs reduction. 


1 INTRODUCTION 


An important role belongs to the vertical (hoist) 
transport in the mineral resources mining technolo- 
gy by underground method. For example, a mining 
hoisting installation (MHI) is a very responsible link 
in the production process. In the case of any MHI 
accident, the extraction of mineral resources may 
stop, causing huge losses. Thus, there are high de- 
mands to the reliability and technical level of MHI, 
the quality of their design and production. Accord- 
ing to the research results, 85% of mine shafts in 
Donbas, Kryvbas and 75% of non-ferrous metals 
mining are watered, and each rope of MHI is capa- 
ble to bring to the surface from 10 to 20 m° of 
groundwater per day. During the machine operation 
water brought up by hoist ropes (HR) inevitably fall 
on the brakes and the traction sheaves, reducing the 
operating security of the entire mining hoisting 
complex. To remove water from the surface of the 
ropes (dehydration) use Different devices are used 
to remove water from hoist rope surface (dehydra- 
tion) are used. Specialists of the National Mining 
University have developed the design of the dehy- 
drating equipment, in which the air current to re- 
move the water is formed by underpressure in a 
chamber of the device (Figure 1). The equipment is 
installed in the tower below the angle sheaves, con- 
sisting of a device to remove water by air current 
(WR device), a water separator, a fan with a drive 
and a pipeline system. 





Figure 1. Model of the equipment to remove water from 
ropes. 
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Removing water from the rope occurs in the cham- 
ber of the WR device. There, fan operations cause 
underpressure, which generates air current in the gap 
between the rope and the sealing ring, which is di- 
rected along the rope surface. The resultant water-air 
mixture through nozzles of the WR device enters the 
water separator, in which it is divided into phases. 

Operation of the device to remove water is ac- 
companied by complex hydrodynamic processes of 
the interaction between air current and water film, 
which is sprayed on the hoist rope surface. 

Currently, there are no models to describe the 
process of removing water by air. This fact does not 
allow a reasoned approach to the selection of per- 
formance of the equipment capable of removing wa- 
ter from the ropes. Thus, the rationale for the design 
parameters of the equipment to remove water from 
the ropes based on the determination of occurring 
operating procedure regularities is a relevant scien- 
tific mission. 

The objective of the research is to improve the 
operating efficiency of the equipment to remove wa- 
ter from the ropes of the mining hoisting installa- 
tions, using air current. 


2 RESULTS OF RESEARCHES 


Complete dehydration of water from the hoist rope 
surface is possible if the removal intensity /n of wa- 
ter exceeds the its carry-over intensity Q, 1.e. 


m=O. (1) 


Processes, which occur in the dehydrating equip- 
ment, can be divided into the following: water car- 
ry-over by a rope, water spraying by air current, air 
current flow in a device chamber, water removal 
from a spraying area, division of the two-phase flow 
in a water separator. 

To explore the process of water carry-over by a 
hoist rope, we used the physical model described 
below. The flow of water with the thickness h flows 
off the surface of the vertical rope with the diameter 
dą, it moves at the constant velocity v, vertically 
upwards. Air current at the constant velocity vyy 
moves in the cylindrical neighbourhood of the rope. 
In this case, the following assumptions apply: the 
water flow is laminar, uniform along the rope and 
consistent over time, the air ring cylinder with the 
thickness họ moves at the velocity v4y without tan- 
gent interaction with water; the water and air flow is 
axisymmetric, removal of water by the hoist rope is 
proportional to its perimeter. 

For mathematical description of the process, let 
us introduce the coordinate system oxyz, where the 
z-axis 1s directed along the generator of a surface of 
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a solid cylinder, the y-axis along the arc, and the x- 
axis along the outward normal, wherein when x = 0, 
the axis will correspond to the rope surface. 

According to the results of solving the equations 
of motion (Navier-Stokes and continuity) together 
with the boundary conditions, an expression that de- 
scribes the distribution of water velocity over the 
film thickness has been obtained, namely: 


Se ee ee ee ee (2) 
2-v v 
Let us denote the specific intensity of water re- 
moval Q, to determine the maximum intensity of 
water removal by the rope, which corresponds to the 
maximum of the function Q,, as follows: 





‘Vv 


h he 
Q, =[v, (e) dr =v hEn h-E s (3) 


where v., — shall mean the average velocity of the 
water film flow, taking into account the thickness of 
the flow. 

With increasing velocity of the rope motion the 
specific intensity of water removal is increasing; 
and each value of this velocity corresponds to such 
film thickness at which the intensity of water re- 
moval is at a maximum, it is defined as follows: 


Dien (4) 


As seen, the thickness of water film removed by 
the hoist rope is proportional to the square root of the 
rope velocity. The intensity of water removal by the 
rope is defined as its flow rate, taking into account 
cross-section of film by the following formula: 


0=[9, vuh): dy. (5) 


where P — shall mean the rope perimeter. 

Designating the ratio of the rope perimeter to the 
cylinder perimeter of the corresponding diameter as 
the rope perimeter coefficient K,, and the ratio of 
the maximum water removal intensity (depending 
on the film thickness ig) to water removal intensity 
based on the arbitrary film thickness in the form of 
the water removal coefficient K,,, and also taking in- 
to account the dependence (4), we conclude that the 
intensity of water removal by the hoist rope is de- 
termined from the following expression: 


OS Ges gs (6) 
3 g 
where v — shall mean the viscosity of water. 
Coefficient K, characterizes the real intensity of 
water removal by HR (in the existing conditions of 
the rope operations) in relation to the maximum 


possible theoretical, and therefore, determination of 
its value can be done only experimentally in a study 
of the hoisting installation, which is operated in the 
most watered mine shaft. The experiment has been 
performed at mine “Tsentralna” of the production 
amalgamation “Krasnoarmiyskvugillya”. Here, the 
main shaft is considered one of the most watered 
among the mines in Ukraine. 

The experimental installation to remove water has 
been placed in the tower below the angle sheaves 
(see its diagram in Figure 2. It includes the follow- 
ing objects,: 1—a MHI drum; 2 -— angle sheaves; 
3 — a hoist rope; 4 — a device to remove water (Zab- 
olotny et al. 2013); 5 — a pipeline; 6 — U-shaped wa- 
ter manometer; 7—a network resistance regulator; 
8 — fans; 9 — a water separator. 


1 





Figure 2. Diagram of the mining installation to remove wa- 
ter from the hoist rope surface. 


Based on the experimental data values of the co- 
efficient K, have been calculated, and the hypothe- 
sis of their distribution normal law has been veri- 
fied. Figure 3 shows a histogram of experimental 
and a polygon of theoretical distribution of K, val- 
ues, and Figure 4 shows deviation of the experi- 
mental data obtained in the study of the rope with 
the diameter of 42 mm (indicated by dots) from the 
intensity curve of water removal by the rope (shown 
by a solid line). 

With probability of 95% water removal intensity 
coefficient K,, = (6.23 + 0.92):10°'; with the deviation 
of confidence limits from the mathematical expecta- 
tion amounting to 14.8%. The adequacy of the ex- 
pression (6) to the experimental data has been proved 
by the Fisher’s ratio test. To study the process of re- 
moving water from the hoist rope surface, a physical 
model has been developed, which lies in the fact that 
water flow loses its stability at a certain velocity of air 
current, thus causing the wave flow. Influence of air 
current on water film increases the amplitude of wave 
oscillation, resulting in irregularity of their symmetric 
shape. It is proved that the rapid increase in the am- 
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plitude of wave oscillation contributes to its signifi- 
cant deformation. Thus, the wave becomes unstable 
and droplets are detached from the surface of its tip- 
ping ridges. In solving tasks with the application of 
this model we use these assumptions: the hoist rope is 
a cylindrical body; film motion over its surface is ax- 
isymmetric, laminar; wave oscillation amplitude is 
small compared to its length that corresponds to the 
beginning of unstable wave formation; tangent stress 
is absent on the water film surface; the water spraying 
intensity is proportional to the area, where water in- 
teracts with air current. 
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Figure 3. Distribution histogram of values of water remov- 
al intensity coefficient Ks. 
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Figure 4. Dependency graphs of water removal intensity 
on HR velocity. 


Application of the variable separation method in 
solution of linearized motion equations (Navier- 
Stokes and continuity) and representation of the 
wave flow as sum of two currents (unperturbed and 
of small perturbations) allows us to formulate the 
eigenvalue problem as a system of dispersion equa- 
tions that describe the wave flow, that is: 


e (7) 


a =v -| 


where p, p*— shall mean the density of water and 
air, respectively; a— shall mean characteristics of 
the time-variable wave flow; v shall mean the water 
viscosity; A-—shall mean the wave number; 


4 DAR 


As shown in the diagram of changes in the velocity 
and pressure distribution in water film (Figure 5), 
wave flow is exponentially damped in the direction 
from the interface of gas and liquid phases; at a dis- 
tance from said surface, which is equal to one-sixth 
wavelength, the oscillation amplitude is reduced by 
95%; potential flow of liquid does not affect its rota- 
tional motion; potential flow of air determines the na- 
ture of rotational motion; the rope surface shape does 
not affect the process of water rotational motion. 
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Figure 5. Diagram of pressure distribution in water film, 
covering the MHI rope. 


Considering the rapid damping of wave oscilla- 
tion amplitude in the direction from the phases in- 


terface, let us assume that K 1 (e _K?). Due to 


the fact that air density as compared to water density 
is much lower, and hence the value of the second 
term is small compared to the others, the system of 
dispersion equations (7) can be simplified to a sin- 
gle equation, and the following dependence can be 
further obtained: 


x 2 ` , 
Oy =k: ee (9) 


from this equation we determine the wavelength, 
corresponding to the maximum increase in oscilla- 
tion amplitude, 1.e.: 


oe ee. (10) 
P CVAN 


According to the results of flow parameters de- 
termination, based on the spraying model 
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£ — shall mean the wave oscillation damping coef- 
ficient in the radial direction; v4y— shall mean the 
gas flow velocity; o— shall mean the water surface 
tension. In this system: 


> 2) k-th(t-h)-th(k-h)—£ 
i(k aa 9 


V.G. Levich, also considering the designation of the 
airflow velocity integral function, we come to the 
following conclusion: 
L 
J =\vyy(z)- dz, (11) 
0 
where L — is the length of a chamber in the WR device. 
Then, we obtain the expression for calculating the 


intensity of water removing from the HR surface, 
namely: 


PK K .K x 
E ee a A Bei (12) 
3433 hM) Vp 


where K; — shall mean the coefficient of proportion- 
ality between the droplet diameter and the wave- 
length; K„— shall mean the irregularity coefficient 
of water film thickness; M -— shall mean the en- 
largement factor of wave oscillation amplitude, at 
which droplet detachment occurs. 

Next, let us discuss the influence of design pa- 
rameters of the WR device on the water removal 
process, and determine the dependence of the air- 
flow velocity integral function on the characteristics 
of the chamber in the device and the pressure drop. 

Above it was noted that the intensity of water re- 
moval from the hoist rope surface is directly propor- 
tional to the airflow velocity integral function (11), 
which is used in this case. At the same time, due to 
the fact that the air flow generates the WR device, 
the integral function of this flow velocity depends 
on the structural features of the device. Obviously, it 
is necessary to study this dependency. 

To solve the problem set, it was decided to apply 
the computational experiment, the results of which 
are updated using the tests of a laboratory prototype 
of the WR device. Whereas the formula for calculat- 
ing the water removal intensity includes coefficients 
that take into account the properties of liquid, which 
ultimately affects the value of a parameter in ques- 
tion, then, in our study, these coefficients are gener- 
alized under the name of the water removal intensity 
coefficient. Its numerical value was determined in 
the laboratory and mine experiments. 

In the numerical experiment the equations k-s- 
models of turbulent motion of incompressible air 
flow, which were solved using an application soft- 
ware package of ANSYS 6.1/ED system. At the same 
time, we were focused on such boundary conditions: 


on the hoist rope surface and on the chamber walls of 
the device the flow velocity is zero; pressure 1s equal 
to atmospheric (p,), and it corresponds to the depres- 
sion of a fan (Ap*) in the exit outlet. 

As shown by the results obtained by solving the 
mentioned equations, changing the air flow veloci- 
ty along the chamber of the device and the value of 
the function J enter the complicated dependence 
on a number of factors. For ease of the analysis, 
we express the indicated function through equiva- 
lent data, the values of which can be varied in the 
research process. 

Suppose J = A-v,, where vz — 1s the air flow ve- 


locity, which is determined by using Bernoulli’s 


eh Ray , then, 
p 


the value of 4 corresponds to the length of an area 
equivalent rectangle (Figure 6), it can be considered 
the effective length of an interaction area of air flow 
with water on the rope. 

Influence of the following parameters on the val- 
ue of the function J was examined: length and gap 
of the opening forming the flow, underpressure in 
the chamber of the device and its length (1.e., the 
four-factor experiment was conducted). As a result, 
we have such a linear regression equation 
J = A-v,z, wherein 4 = 0.175 m. 


equation; wherein, if vz, = 


5 F =F 
74} z$ 
A pE w 

PRE E A, a t a et tf 
Tee in mA al 
ge LEE EEE LEELA nn 7i ; 
Eer eni PPO POOLS EE E mA BOO eee reL roLh hi 
TEAN o a nna 








Figure 6. Distribution diagram of air flow axial velocity 
over the rope surface along the length of the chamber of 
the WR device. 


Thus it is proved that during the operations of the 
WR device two annular air jets, which are formed 
by underpressure in the chamber, move through the 
gaps between the rope and the sealing ring along the 
rope surface toward each other. Figure 7 shows a 
graphical interpretation of the computational exper- 
iments results in the conditions where the exit out- 
lets are located in the middle of the chamber of the 
WR device. Thus, it was possible to determine a 
change in the parameter value (the effective length 
of the flows interaction area) depending on the loca- 
tion and number of pipes that remove water. It will 
be appreciated that the pipes were shifted symmetri- 
cally and asymmetrically in small increments in the 
direction from the middle of the chamber. 


UAD 
h Loa 
itti y VAG ores 
NM ea aaa meee eee hw 
` ~ 
Loon eat ee ERENT w as Rese Set 





K SS. 
NA Rie Gaunt e Ef te — “— 
aoe Sn wrt 









Ebi Ree ae Mate See e= 


Figure 7. Air flow velocity field in the chamber of the WR device in turbulent flow ( Ap =0.05. p,). 


As a result, the adequacy of the regression equa- 
tion to the experimental material was confirmed. It 
follows from this equation that the influence of the 
opening parameters, 1.e. the values of the gap be- 
tween the rope and the sealing ring, ranging from 
2 to 6 mm, and the length of the opening, which was 
enlarged in the range of 5...15 mm, causes change in 
the valued of the function J not more than 2.3%. 

It was established that the intensity of water re- 
moval from the rope surface is directly proportional 
to its diameter multiplied by the square root of the 
value of fan depression, 1.e.: 


In= Be E ETE Aide J4 , 


(13) 
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where B -— shall mean the water removal intensity 
coefficient. 

The coefficient B characterizes the operation of 
the equipment to remove water from ropes. Its value 
was determined in the laboratory experiment and 
was specified during the mine experiment. 

The laboratory experiment was full factorial. 
The hoist rope was simulated as a cylinder of the 
appropriate diameter and lengths of the round- 
strand rope (manufactured in accordance with 
GOST 7669-80). In this case, water was delivered 
to the fixed vertically rope that flowed down over 
its surface. The experiment involved such input 
values (factors): the rope diameter, the pressure 
drop in the chamber of the WR device, the cham- 


ber length, and the output intensity indicator of 
water removing from the rope surface. 

These experimental results were tested for the 
presence of gross errors, homogeneity of variance of 
the results by the Kochren’s criterion and influence 
of each factor by the Fisher’s ratio test. Processing 
of the experimental results revealed that with proba- 
bility of 95% the influence of the length of the de- 
vice chamber on the water removal intensity is ab- 
sent, indicating the reliability of the calculations 
done using the application software package AN- 
SYS 6.1/ED. At the same time, the influence of oth- 
er factors proved to be very significant. 

After determining the value of B, let us test the 
hypothesis on the correspondence of experimental 
data distribution to the normal law. In this case, we 
analysed the values of the water removal coefficient 
from the cylinder surface (B,) and the same value in 
relation to the round-strand rope (B;). A slight dis- 
crepancy between the empirical and theoretical fre- 
quency of falling of the results in a confidence in- 
terval was determined according to the Pearson’s 
test. Thus, the values of both data are characterized 
by the mathematical expectation and the mean- 
square deviation. So, a confidence interval of values 
of the coefficient B. = (5.45+0.36):10% and the coef- 
ficient B; = (5.42+0.39):10". Deviation of the con- 
fidence limits from the mathematical expectation 
with a probability of 95% was found to be 6.6 and 
7.2%, respectively. 

In the mine experiment the coefficient B was de- 
termined within five fixed ranges of fan depression 
provided the maximum velocity of HR motion. As 
established by the Pearson’s test, the distribution of 
the coefficient B corresponds to the normal law. 

Comparison of values of the coefficients B, B, 
and B, identified with a probability of 95% of their 
falling into the confidence interval shows that the 
range of values of the coefficient B, found according 
to the results of the mine experiment, with a devia- 
tion of the confidence limits from the mathematical 
expectation amounting to 13.7%, covers the same 
parameter values obtained in the laboratory tests, 
the range is equal to (5.34 + 0.73):10°. In view of 
the Fisher’s ratio test the adequacy of the expression 
(1) to the experimental data was proved. 

Using the condition (1) and expressions (6) and 
(13), we come to the following dependence: 


(14) 


We consider this equation the basic in determina- 
tion of parameters of the equipment to remove water 
from the ropes on the basis of the WR device. To 
comply with the inequality (1) it is necessary that 
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the minimum water removal intensity exceeds the 
maximum value of its removal in the process of the 
hoist rope motion. For this reason, in the determina- 
tion of the coefficient of fan depression ¢, where 
water film removal becomes possible with a proba- 
bility of 95%, we use the maximum values of the 
water carry-over intensity coefficient K and the min- 
imum values of the water removal intensity coeffi- 
cient B. Reasoning from this fact, we come to the 
following conclusion: 





Ap" = 0,001-é: ote (15) 


where €= 2.41-10°. 


3 CONCLUSIONS 


The research results of the process of water removal 
by the hoist rope using a mathematical model in the 
form of the Navier-Stokes equations indicate that 
the water removal intensity by the hoist rope of 
MHI is proportional to its diameter and is in the 
power-law dependence with indicator 3/2 on the 
rope velocity. 

Research of the process of removing water from 
the hoist rope surface ensures that the intensity of 
water removal from the rope surface is proportional 
to the air flow velocity integral function and the di- 
ameter of this rope, and depends on the ratio of the 
density of water and air. 

According to the results of numerical experi- 
ments using the finite-element k-e-models of tur- 
bulent motion it was proved that where the length 
of the chamber of the device is changed in the 
range of 300...600 mm, and the pressure drop 
there is between 1.0 to 15.0 kPa, then the effective 
value of the length of the flows interaction area 
with an accuracy of 5.3% is constant and equal to 
175 mm. Statistical analysis of the regression 
model for the integral velocity function showed its 
adequacy to the experimental data. The integral 
velocity function, and thus the intensity of remov- 
ing water from the rope surface are proportional 
to the effective value of the length of the flows in- 
teraction area multiplied by the square root of the 
fan depression value. 

The laboratory experiments confirmed that the 
value of the water removal intensity from the sur- 
face of a cylindrical and round-strand hoist ropes is 
directly proportional to the rope diameter multiplied 
by the square root of the fan depression value. The 
water removal intensity coefficient was also deter- 
mined: in the calculation of a model of the locked- 
coil rope it is equal to (5.45+0.36)10%, and in rela- 


tion to the round-strand rope (GOST 7669-80) is 
equal to (5.42+0.39):10™. 

At full water spraying over the rope surface of the 
device chamber we obtained an equation based on 
which it is possible to determine the parameters of 
the equipment to remove water from the ropes, 
which suggests that depression of a fan is directly 
proportional to the velocity cube of the hoist rope 
motion. Statistical processing data of a physical ex- 
periment conducted at mine “Tsentralna” of the pro- 
duction amalgamation “Krasnoarmiyskvugillya” 
confirmed that with probability of 95% the value of 
the water removal intensity coefficient will amount 
to (5.34 + 0.73):10%, and the water carry-over inten- 
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sity coefficient will amount to (6.23 + 0.92)-10". 
Moreover, the complete removal of water from the 
hoist rope surface is possible, when depression in the 
water removing device will be 5.7 kPa at its velocity 
of 9 m/s, and 13.2 kPa at the velocity of 12 m/s. 
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ABSTRACT: Possibilities to use a model of the evaluators group in the course of designing the open cast 
mining, in particular during estimation of open pit transport. The methods reducing a design period with 
maintenance of high quality project include application of new IT trends in the course of works. 


1 INTRODUCTION 


Application of the distributed information pro- 
cessing principle was studied for the first time for 
engineering estimations on a basis of calculations of 
performance indicators for open pit transport in- 
volved in mineral extraction process. 

The issues relating to implementing the distribut- 
ed information processing are reflected in the work 
of the Russian Academician, E.V. Evreinov. The 
operations as per the established practice relating to 
opencast mine design consisting of multiple sec- 
tions, are to be completed sequentially (cascaded). 
The target and idea, tasks and structure of research 
were defined in the course of opencast mine design- 
ing allowing to complete the calculations in parallel, 
on a basis of this principle 


2 MATHEMATIC MODEL 


The Open Pit Transport Section was selected as the 
main object of research since it is the most difficult 
and significant in the opencast mine design and 
interconnected with all engineering processes. 

The existing types of program products structure 
(Scheme 1 and 2) and the proposed structure 
(Scheme 3) shown in the Table 1 with evaluation of 
computational procedures duration in different soft- 
ware schemes as well as the costs required for de- 
velopment and implementation are provided bellow. 

For purpose of the task assigned a complex struc- 
ture of program tools on a basis of the distributed 
information processing use including a sequential 
algorithm, complex software with subroutines, co- 
ordinator software and individual computing blocks, 
program blocks interacting with database, was de- 
veloped. Time for computing procedures completed 
by the coordinator in general is to be defined as per 
the following formula: 
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R N L 
Tgp. = t fulk F 2 lo.sub a bnin T trn m 
— n= — 


M M 
a 2 vin pA f DB T 2 ladj.m T loo + Coal] a l nen ? (1) 
m= 


m=1 
where ta — time spent for fulfilling the section; 


K — maximum number of project sections, k =1,K ; 
tosub — Operation time of subroutine; m — a number of 


subroutines, n=1, N ; t.p — time required for com- 


pleting the | program block, / = LL ; tem — Operation 





time of the m evaluator, m=1,M 3 tag — time for 


adjustment of results of the m evaluator; tpg — opera- 
tion time of database; tmain — operation time of the 
main program; ¢,,,, — operation time of the coordina- 
tor; fq — time of call to subroutine; ¢,,, — time of 
possible computer pending. 

When operating this scheme the following limita- 
tions have been defined: 

—when developing the software under the se- 
quential algorithm a computational process runs 
sequentially, i.e. the section is executed after com- 
pleting the previous section, K — number of the 
evaluation sections; 

— when operating the software with subroutine the 
computational process is to be executed by the main 
program which, if required, calls to the subroutine, 
N — number of subroutines; 

—when operating the software with individual 
subroutine blocks the computational process is 
controlled by the coordinator possessing the L pro- 
gram blocks; 

—when operating the software with evaluators 
group the process is executed by the coordinator, 
individual evaluators have different program blocks, 
in this case the M means number of evaluators in- 
volved in the project process. 


Table 1. Main types of software product structures. 


Schemes 
1. Sequential algorithm. 


2 i) 


2. Program with subroutines. 


subroutine 


3. Model of the distributed information 
processing. 


k 
Tgp. = 2 aevi ° 
l= 


n 
Tp p. = 2 Mev. a L ain + beall ’ 
l= 


teal) — time when the main 
program calls to the subroutine, 


Option 0 — sequential program: 


k 
TR p. = 2s laevi . 
l= 


. . Costs for 
Duration of computational 
development and 
procedure s . 
implementation 


Z A Ta T 


L sep = ae T Z jevi) + 


+ (Zon + Z pay ) 


leall ~ 0. 


Option 0 — sequential 
program: 


ae: l cai Sia A T Lay 
OEA i Database ponese | Option 1 — with subroutines: Option 1: 
/ \ I \ 
l i i l n — , +Z., + 
Tgp. = 2s; Ftp Tyan pe © beat « f sen — E - a) 

= +|Z, +Z 

OO) (DQ) | cm T L pay 
.__ subrout , ea / — Option 2 — with program blocks: — Option 2: 


4 l Z a= (Znan Zu +Z )+ 
© Pap. = Lb orp thay + Llagi - a ° 7 
i=l i=l Lent ane 


Option 3 — with evaluators: 


m m 
Tg — levi + fpg = 2 tadji + beg f 
i= i= 


A cost for development and implementation of 
software generally is to be defined as follows: 


Liss 


+Zcm + Li + Lies + k i ’ (2) 


i 


Lies T Zsp FA bi Fla +Zpg a 


where Z4ey— costs for development of software to 
execute the project sections; Zsp — the costs for sub- 
routines development; Z,„.»ı— the costs for develop- 
ment of program blocks; Ze — the costs for develop- 
ment of programs for the evaluator; 
Zmain— the costs for development of program under 
sequential algorithm; Z,,,,— the costs for coordinator 
development; Zp; —the costs for database develop- 
ment; Zcy—the costs for using the computing ma- 
chinery; Zay — the payroll costs. 

All designations shown in the formulas (1) and 
(2) and in further formulas have the same meaning. 

The first and second structural schemes of the 
programs are applied for solving not sophisticated 
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Option 3 
Z 5 =(7 4, TL + Z oq) + 


+M: Z pay 


tasks. While for operational decision on current 
tasks a prompt reaction to different demands will be 
required with the changes to the program structures. 

Requirements diversity includes multiple tasks 
scheduling, designing and management on a basis of 
different criteria such as qualitative assigned tasks 
implementation within short time, existing program 
tools review and new relevant algorithms develop- 
ment due to shift from the computing machines to 
personal computers (Kuzmin et al. 1991, Evgenev 
2006, Burlakin & Voronov 1998). 

Due to this the 3-rd scheme contains the distribut- 
ed information processing model proposed by us 
which operates on a basis of level of complexity, 
volume and targets of the tasks. 

The 3-rd scheme of software products with ap- 
plication of the distributed information and data- 
base processing principle may be implemented by 
four options: sequential program, subroutines and 


program blocks as well as with the help of evalua- 
tors. 4 options of the proposed model work are 
described below. 

Option 1, Scheme 3: the program is implement- 
ed on the grounds of the sequential algorithm with 
use of database and the computing process runs in 
linear manner. 

Occasionally, the program calls to database for 
required parameters, the duration of the computa- 
tional procedure should be defined as per the formu- 
la (1) and defined through summation of all sequen- 
tial sections execution time and database operation 
time. Other parameters in this formula will be equal 
to zero since the specified blocks are not involved in 
the computational process. The costs for software 
development and implementation include the costs 
for individual sections and database development as 
well as for the computing machines complex (CMC) 
use and for remuneration of designer’s labor. 

Option 2, Scheme 3: the computation process is 
executed by the main program consisting of n sub- 
routines and database. The calculations are made 
through call to subroutines based on simplified 
method defining the desired parameters. Time for 
calculations is defined as follows: 
Tgp. = 2 spi + Upp Te ae + feaa : (3) 

Option 3, Scheme 3: complex task maybe solved 
and to do so the individual program blocks may be 
applied. Results of the program blocks calculations 
should be processed by the coordinator through their 
matching. Then individual project sections or chapters 
may be executed through involvement of | program 
blocks and computation process may be executed by 
one person, duration of execution and costs should be 
defined as per the following formulas (1) and (2): 

l 
Tsp. = 2b pr bi T fpg + loo $ (4) 

Costs for development and implementation of this 
type of program should be defined by the following 
method: 


Z =(Z oo + ZL or bl +Zpg) + Zcm FZ ai : (5) 

Option 4, Scheme 3: m evaluators or designers will 
be involved, the project may be executed by the coor- 
dinator and one evaluator. Fulfillment period depends 
on professional level and qualification of the person- 
nel, their quantity as well as level of busyness of the 


285 


specialists. Therefore, costs for development and 
implementation of this model will be increased since 
the part-time specialists (0.25 or 0.5 fte) from other 
works or projects may be involved. For these evalua- 
tors work the work places should be equipped with 
the relevant personal computers. 

Duration of execution should be defined by the 
following formula: 
Tgp. = 2i levi + f DB T 2 ladna t bes ; (6) 

Design process duration as well as prime cost of 
this program tools depends on number and level of 
busyness of the specialists involved (so called opera- 
tive efficiency), i.e. material costs may be as follows: 


(7) 


l =(Za tZo)t+tmMZcu + MZ pay . 


3 CONCLUSIONS 


Design process duration with selection of program 
tool structure subject to the customer’s requirements 
and capability may be defined by the following two 
criteria: duration of execution and project develop- 
ment costs. If project is to be executed within short 
time without material costs limited the design pro- 
cess should involve individual evaluators whose 
number should be limited or defined depending on 
busyness and qualification level of the personnel 
and program blocks availability. When the custom- 
ers requires to execute the low cost project with no 
design period limits the design process should be 
executed by one designer owing to implication of 
individual program blocks included in the coordina- 
tor’s structure. 
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ABSSTRACT: The article deals with methods of efficient use of land allotted for open development of min- 


eral deposits basing on a timely mine reclamation. 


1 INTRODUCTION 


Open mining of mineral deposits includes allotting 
vast lands on organization of external and tailing 
dumps, transport communications and other various 
industrial facilities. Open cut mining results in land 
and natural landscape disturbance, pollution of air, 
surface and ground water adjacent to mining area 
and deterioration of sanitary-hygienic environment 
of local population. In this regard, it is possible to 
provide impact mitigation caused by mining by 
efficient use of lands allotted for open mining by 
timely carrying out mine reclamation. 

The paper deals with the following tasks of effi- 
cient land use in open mining: 

—to choose rational mine reclamation directions 
based on sustainable development of mining areas; 

— to justify criteria of efficient mined land use; 

—to study regime of land disturbance at open 
mining for mined land reclamation management. 

The solution of the said issues during mine devel- 
opment will contribute to effective carrying out 
mined land reclamation and efficient land use for a 
sustainable development of mining areas. 


2 MAIN PART 


Open mining disturbs natural terrains, changes 
groundwater composition, pollutes air and deteriorates 
soil productivity due to groundwater lowering. It badly 
changes the development area 1.e. the original ecologi- 
cal system is changed into a new “field-environment 
system”. Depending on capacity of a mining enter- 
prise the environmental quality and productivity of 
adjacent lands deteriorates. So impact mitigation at 
open mining requires timely mined land reclamation 
during a field development. In the coming years, open 
mining remains to be the main engineering method of 
field development and a cause of land disturbance 
increase. The paper investigates various aspects of 
efficient use of lands allotted for open mining. 
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The use of excavated area for storing overburden 
will reduce the cost of minerals by reducing over- 
burden transportation distance and external dump 
area. In determining a land disturbance regime it is 
desirable to use a graphical method that allows to 
take into account the features of a pool distribution, 
excavation methods and systems of a pool develop- 
ment (Tomakov & Kovalenko 1984). The paper 
describes various methods for upgrading process 
technologies in terms of efficient land use and basic 
graphical method elements. A pit extension will 
change a current stripping ratio up to 30 — 50 t/t of 
mined ore. So, disposal of large volumes of waste 
will require immense territory, for example, an open 
deposit being 500 — 1000 m deep the waste dump 
area 1s expected to exceed the open-mined deposit 
by 4-7 times (Mikhailov 1981). That is why a 
study of land disturbance and reclamation regimes 
will encourage the efficient land use in open mining. 

The environmental protection progress and a fur- 
ther pit extension face new environmental challeng- 
es connected with deterioration of ecological and 
geochemical characteristics of enclosing rocks. 
Given this in designing extension works at the “Ju- 
bileiny” deposit there was used a technology of a 
maximal overburden disposal inside the excavated 
pit i.e. use of a stripped area for reducing environ- 
mental impact caused by external dumps (Wolpert 
& Martynov 2011). Organization of internal dumps 
in the Sarbaisky deposit has reduced the volume of 
mining waste stored at external dumps. To reduce 
mining waste quantities we for example practice 
using carbonate rocks for the production of fraction- 
al crushed gravel and tails of dry magnetic separa- 
tion for the construction of temporary roads in pits 
and dumps (Bondarenko 2014). 

All these works aim to reduce external dump are- 
as. Open mining necessitates the organization of 
overburden disposal in other worked-out quarries 
for the formation of a man-made landscape that 
would correspond to selected mined land reclama- 
tion purposes (Fomin et al. 2014). 


These measures promote mined land reclamation 
and impact mitigation. The open mining research 
allowed offering (Ryazantsev 2012) the following 
impact mitigation methods like a simultaneous de- 
velopment of all dump layers, accounting the coef- 
ficient of a landscape for reducing the size of plots 
allotted for dumps, reduction of the area of allotted 
land due to a compact disposal of mining facilities. 

These activities must be based on analytic de- 
pendences that allow making the analysis of con- 
crete field development conditions. A study of how 
a deposit area is allotted into separate plots for main 
mining and processing objects revealed that a signif- 
icant part of land is allotted for external dumps 1.e. it 
speaks about a technogenic disturbance of natural 


environment (Kalabin 2012). It is noted that a de- 
gree of environmental risks grows if processing 
plants and tailings dumps are located close to quar- 
ries and reaches 0.55 — 0.65. A brief review of re- 
search speaks about the necessity of a comprehen- 
sive analysis of efficient land use for finding the 
best open field development option. 

A selection of efficient mined land reclamation 
direction in open mining should be based on an in- 
depth analysis of economic and physic-geographic 
features of a deposit area. Selection of the most 
rational and efficient mined land reclamation meth- 
ods depends on many factors that influence on the 
development of mined area and utilization of avail- 
able natural resources of the region (Figure 1). 
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Figure 1. Efficient land reclamation direction selection diagram. 
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A correct choice of a mined land reclamation di- 
rection enables to solve in future the issues of exter- 
nal dump formation in accordance with soil recla- 
mation requirements. A rational mined land recla- 
mation direction in open mining usually does not 
pretend to restore the original state of the environ- 
ment but it aims to solve important environmental 
and social issues of human life and activities. 

The paper proposes to justify the criteria of effi- 
cient land use in open mining by using analytical 
formulas (Kalybekov 2014, Chulakov et al. 1994) 
derived under the assumption that an open-pit bot- 
tom is of a round, square or rectangular shape. The 
formula includes such evaluation criteria as a size of 
the area to be disturbed in open mining, waste dump 
capacity and land disturbance degree. 

Evaluation of open mining parameters at planning 
a system of field development ensures efficient land 
use. That is why, if it is a rectangular shape dump 
then a specific size of open mine area which is equal 
to remove material-field space relationship should 
seek to a minimum: 


_ H,(a+H,ctgy, \v+ H,ctgy,) 


= in, (1 
ue (a + 2H ,ctgy, \(v + 2H ,ctgy, ) Ne () 


where a -— rectangular pit bottom width, m; v -— pit 
bottom length, m; H;, — pit depth, m; ctgy, — average 
inter-ramp pit slope angle. 

Waste dump parameters evaluation is based on 
calculation of a total remove rock volume. A rational 
use of dump areas is characterized by the volume of 
stored overburden, so a specific capacity of square 
dumps which is equal to overburden volume-dump 
area relationship should strive for a maximum: 


H(L—HCtgBY 
K 


— max, (2) 
[Re cup 


where V—volume of stored overburden, m; 


Hf — dump height, m; Z — dump wall, m; 6 —a result- 
ing dump slope angle, degree; K, — overburden 
fragmentation index. 

A producer should carry out timely mined land 
reclamation in order to minimize a degree of land 
disturbance. Then a land disturbance degree in open 
mining should seek to a minimum: 


Dk + Die = Se —min, (3) 


where S,,— quarry disturbed area, m^: Spo- dump 
disturbed area, m°. 

The paper suggests to use mining and geometrical 
analysis and an analytical method for sizing up to 
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be-disturbed area in open mining. For this purpose, 
we accept a target quarry depth and agree that a 
quarry bottom shape may be round, square or rec- 
tangular. In this context, a mining-geometrical anal- 
ysis for evaluation of land disturbance is calculated 
as follows. 

Mining area specific size criterions enable to 
evaluate the total land disturbance area. The paper 
suggest to evaluate an average pit slope angle at 
close of operations by the following formula: 


y, = Li Ve T Le Vp degree, (4) 
L +L; 

where y, .— and inter-ramp pit slope angle from the 
side of a hanging wall at close of mining operations; 
yp —inter-ramp pit slope angle from the side of a 
footwall; L;, — pit wall length from the side of hang- 
ing wall; Lp— pit wall length from the side of a 
footwall. 

The increase in average inter-ramp pit slope an- 
gle at close of mining operations results in land 
disturbance decrease on the land surface level. 
Therefore, evaluation of a rational value of this 
slope angle is very important in designing open 
field development. 

Further, to evaluate land disturbance size during a 
field development it is needed to calculate an aver- 
age inter-ramp pit slope angle. Then, there for each 
average inter-ramp angle is evaluated annual land 
disturbance area at a pit in-depth extension. The 
average inter-ramp pit slope angle is set according 
to the formula: 


_ Ly Vue T LaPa 


, degree, 5 
i De g (5) 


A diagram dependence of disturbed lands on pit 
extension at an inter-ramp angle equals to 10 -— 30° 
(Figure 2). 
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Figure 2. Land disturbance-quarry depth area dependence 
diagram. 


Mining-geometrical analysis results at a differ- 
ent pit in-depth extension rate shows that land is 
disturbed before a certain state of a field develop- 
ment i.e. topsoil stripping from a quarry area is 
carried out at the beginning of a running period. It 
is connected with the formation of quarry working 
zone when operating angles of high wall slope are 
flatter than high wall slope angles at close of min- 
ing operations. 

Within a certain time the area of land disturbance 
is calculated as difference between adjacent pit ex- 
tension rates h = h;,, — h; at the adopted average high 
wall slope angle. For example, for evaluating the size 
of land disturbance it is sufficient to restore perpen- 
diculars from respective pit extension depths up to 
curves (Figure 3) that indicate average 10 — 30° high 
wall angle slopes and from these points to the line 
that points out a disturbed area size. The difference 
between these two land disturbance values will show 
a target size of land to be disturbed for top topsoil 
stripping during a planned period by taking into 
account that pits may be of a different shape. Field 
development at 70 m level will result in land disturb- 
ance of a pit at different values of average high wall 
slope angles and the size of land disturbance is ex- 
pected to be as follows: Sj, °— 141.000 m’; at 
Soo° — 35.000 m7; at S3o° — 16.000 m”. 
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Figure 3. Field area land disturbance evaluation diagram. 


The paper proposes to control analytically a land 
disturbance regime at dump the allocated sites de- 
pending on volume of stored overburden, dump 
height and a resulting slope angle for various shape 
dumps taking into account a waste dump capacity 
criterion. By using analytical formulas, one can set 
parameters of various form dumps and storage of 
certain amount of overburden in those dumps. This 
analytical method enables to predict and justify the 
size of area expected to be disturbed under dumping 
various overburden volumes. 


At external dumping for the purpose of efficient 
land management one should strive for a simultane- 
ous development of the front of dump layers in a 
ground plan and in a profile. Open mining provides 
for overburden remove and storage in at external 
dumps of various forms. Figure 4 presents a dia- 
gram for evaluation of land disturbance size depend- 
ing on annual waste volume stored and different 
height of a dump. 
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Figure 4. Dumping land disturbance evaluation diagram. 


Establishment of land disturbance regime at dump- 
ing enables to schedule topsoil stripping and efficient- 
ly control mined land reclamation in strip-pits. 


3 CONCLUSION 


A timely mined land reclamation and creation of a 
productive and updated landscape badly depends on 
a correct recording of factors enlisted in the selec- 
tion diagram of efficient reclamation direction at the 
stage of field development. 

The paper proposes to use new analytical formu- 
lae as rational land use criteria for establishing a 
minimum size of land to be allotted for open mining 
operations and waste dump capacity maximum for 
minimizing land disturbance degree at open mining. 
The said formulae differ from the known ones by pit 
parameters adopted at the time of establishing ra- 
tional land use criteria. 

The analytical method proposed in the paper for 
justification of land disturbance regime at open 
mining enabled to determine the following depend- 
encies: land disturbance-vertical advance and 
land disturbance-adjacent vertical advance; land 
disturbance size — annual overburden volume stored. 
The planning of topsoil excavation, stripped soil 
storage and dump formation are based on obtained 
dependencies. 

It is recommended to continue further studies in 
the following directions: 
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—control on topsoil stripping and its transporta- 
tion on reclamation sites in accordance with land 
disturbance regime in open mining; 

— selective overburden disposal in external dumps 
in accordance with the adopted land reclamation 
direction. 

Calculation of land disturbance size at open min- 
ing serves as a basis for controlling topsoil excava- 
tion works. A selection of a rational land reclama- 
tion direction serves as a basis for combining the 
overburden selective storage in the body of a dump 
and acceleration of mined land reclamation. 
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Development of methodology for assessing 


geospatial variability of primary kaolin 
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ABSTRACT: The article focuses on analysis of the instruments which were used to determine whiteness of 
kaolin. Experimental studies of the whiteness based on the proposed method, approximation and statistical 
processing of the data were made. The optimal parameters of the scanner settings for maximum performance 
and qualitative determination of whiteness were determined. Based on the studies the program for determina- 
tion of kaolin whiteness was made on the basis of scanned image of the sample by the RGB color coordi- 
nates. The influence of the deposits exploration degree and individual parts of deposit on the evaluation of 
spatial variability of kaolin whiteness of Velyko-Gadominetsky deposit was investigated. The method of 


variogram analysis was used in this investigation. 


1 INTRODUCTION 


Whiteness is the main quality indicator for the ma- 
jority directions of uses of primary kaolin. Accord- 
ingly, this fact determines the cost of raw materials 
and the cost-effectiveness of mining. Therefore, in 
planning mining operations the spatial variability of 
whiteness of primary kaolin should be taken into 
account. Analysis of executed researches in this area 
and the results of mining of Velyko-Gadominetsky, 
Glukhovetsky and Zhezhelevsky primary kaolin de- 
posits showed that the significant problems are the 
relatively high cost of determining the whiteness of 
individual samples of kaolin and the complexity of 
the geostatistical prediction of variability values of 
whiteness in the limits of individual sites of deposit 
or deposit in general. 

D.O. Sorokin developed a gradation scale of 
whiteness Wiso, which is used for assessing the lev- 
el of porcelain quality and he also proposed the 
technology of constructing expert systems of prod- 
ucts identification (Sorokin et al. 2009). 

N.P. Belov proposed to leave in the opto-spectral 
sensor for whiteness measurement the only one 
channel at the wavelengths in the blue-violet areas 
of spectrum (Belov et al. 2009). 

A.D. Yakymchuk decreased the determination er- 
ror of the whiteness of fabric samples on 4 — 7% by 
the proposed computer method in comparison with a 
conventional method determining whiteness of the 
fabric samples (Yakymchuk & Petelsky 2001). 

Works by S.S. Hordyuhina, R.M. Bulguchev, 
D.I. Rebrikov, L.D. Lozhkin focus on the possibility 
of using the colored coordinate systems to deter- 
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mine various industrial applications (Hordyuhina & 
Grigoriev 2011, Bulguchev et al. 1998, Rebrikov et 
al. 2008, Lozhkin & Suvorov 1979). 

L.D. Lozhkin proposed a device based on the 
spectral colorimetric method of measuring color co- 
ordinates and chromaticity. 

A.M. Gotra proposes to avoid losses of infor- 
mation due to the fragmentation testing, by optimiz- 
ing the scheme of sampling soil samples (Gotra & 
Meshalkina 2003). A.V. Isaeva developed a com- 
plex of programs which implement the modification 
of Kriging method proposed in the thesis, the mor- 
phological algorithm, methods for solving nonlinear 
equations, algorithms, computer simulation of ran- 
dom fields (Isaeva & Serdobolskaya 2011). 

V.A. Sidorova showed the effectiveness of using 
geostatistics techniques for the study of spatial pat- 
terns of soil characteristics, characteristics of crop 
yields and crop quality due to the tasks of precision 
farming (Sidorova & Krasilnikov 2007). 

M.A. Fishman reviewed a mineral aggregate as 
grains combination which allowed to introduce a 
probability space which can be represented by auto- 
correlation of mineral species closely spaced grain, 
and therefore in this case the method of spatial vari- 
ation can be applied (Fishman 2000). 


2 RESULTS AND DISCUSSION 


Most of the devices used for determining the white- 
ness at the enterprises are often characterized by low 
speed determination of the sample whiteness, the er- 
ror in determining the whiteness caused by the human 


factor, minimum possibility of automating the meas- 
urement process and low cost. Modern devices are 
characterized by high accuracy in determining the 
whiteness, high speed, but at the same time by high 
cost. Based on the principle of existing technologies 
for determining the whiteness a possibility of using a 
flatbed scanner with the subsequent processing of 
color coordinate points of the image for determining 
the sample whiteness was investigated in this work. 

In processing the scanned image a selected color 
coordinate system is an important factor determin- 
ing the efficiency of this process. Nowadays there is 
a large number of color models, such as: CMYK, 
RGB, Lab, HSB, XYZ, CMY, xyY, LCH,,, Luv, 
LCH,,. Based on the analysis of theoretical re- 
sources the RGB color model was selected for pro- 
cessing the scanned image. The benefits of this 
model are explained by visualization, wide color 
scope, simplicity of hardware implementation, the 
image in the computer’s RAM and a minimum size 
of the output file. Also worth noting is the fact that 
in the computer graphics the main device of output 
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information works in this system. This model is 
constructed on the basis an eye structure. 

In this paper the whiteness of image scanned 
sample is proposed to be calculated using formula: 
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where R, G, B — values of the color coordinates in 
the RGB system, Rmax» Gmax» Bmax — Maximum val- 
ues of color coordinates; k — the elements’ number 
of color coordinate system; n — the number of pixels 
for which the whiteness is determined. 

Relationship between the determined whiteness 
values and actual values is confirmed by the correla- 
tion coefficient 0.88. Analytically, this dependence 
is described by the pair of linear regression: 


y = 2.0388x — 110.1439 . (2) 


This correlation is shown in Figure 1. 
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Figure 1. Regression model of relationship between actual value of whiteness and value of whiteness determined by RGB 


coordinates. 


An important parameter in the evaluation of im- 
age quality is a resolution, therefore study of the 
impact of the resolution to the accuracy and produc- 
tivity of determining whiteness of model was done. 
Samples of kaolin in the form of compressed tablets 
of 50 mm in diameter in an amount of 20 pieces 
were placed on a scanning surface of a scanner. Fur- 
ther the same kaolin samples with resolution from 
300 to 1800 pixels per inch with a spacing of 100 
were scanned. After that, from the scanned image of 
A4 size were cut out individual samples of kaolin 
and saved as a separate image. On the next step the 
images of samples were downloaded in the program 
“The whiteness”, where the value of their whiteness 
by RGB color coordinates was defined as well as 
the actual values of whiteness using previously cal- 
culated the regression equation. 

The effectiveness of the proposed methodology 
for determining the kaolin whiteness will be deter- 
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mined by productivity, which is recommended to be 
determined by the formula: 


60-N 
Pa a z=) , (3) 
t +t, +t, +t} +t; \ min 


where N, — the number of samples, pcs; ¢, — a neces- 
sary time for laying samples on the scanner, sec, 
ty — a time of scanning the samples, sec; t, — the time 
required to cut images of samples with the scanned 
image, sec, t, — the time required for loading into 
the program, sec, ts — the time spent on image pro- 
cessing in the program, sec. 

Table 1 shows that the value of defined whiteness 
if scanned with a task from 300 to 1200 pixels per 
inch, and 1300 dots per inch is increased by 
0.1 — 0.2% while the tendency to growth the values 
of whiteness with increasing values of whiteness is 
not observed. 


Table 1. The results of determination the samples’ whiteness. 


The number Scan Actual 
of pixels per time, oe whiteness, 
inch (ppi) sec A % 
300 11 93.7 80.9 
400 14 93.8 81.1 
500 26 93.7 80.9 
600 26 93.7 80.9 
700 T2 93.8 81.1 
800 76 93.7 80.9 
900 96 93.7 80.9 
1000 96 93.7 80.9 
1100 96 93,7 80.9 
1200 96 93.7 80.9 
1300 237 93.9 81.3 
1400 237 93.9 81.3 
1500 236 94 81.5 
1600 237 93.9 81.3 
1700 322 93.9 81.3 
1800 322 93.9 81.3 
g- 
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Figure 2. Dependence for productivity of determining 
whiteness and number of pixels per inch. 


Analyzing the Table 1 and Figure 2, the optimum 
resolution in the scanner settings was chosen as 
600 ppi, because scanning with this value of resolu- 
tion takes a little time, the scanned image takes up 
little space on the disk, the number of pixels in the 
image of a scanned sample of more than 720000 are 
enough for statistical processing. In this case the 
productivity of determining whiteness is 5.1 sam- 
ples per minute. At the moment of choosing a scan- 
ner settings it should be noted that parameters such 
as sharpening, removing raster, color restoration, 
background correction, removal of defects and other 
parameters must be turned off, in case if they 
change the original image. 


The maximum 


One The processing 
number of ae 
sample time of one Productivity, 

samples for . 
size, one svani ne sample in pes/min 
Mb na í program, sec 

0.5 20 0.9 7.0 
0.9 20 1.5 6.5 
1.4 20 23 5.6 
2.1 20 3.4 5.1 
2al 20 4.3 4.0 
3.5 20 5.6 3.6 
4.9 20 7.8 3.1 
5.4 20 8.6 2.9 
6.3 20 10.0 2T 
8.3 20 13.1 2.4 
9.8 15 15.5 1.6 
10.7 15 16.9 1.5 
13.6 15 21.5 1.3 
15.1 15 23.8 1.3 
16.4 15 25.9 1.1 
17.9 10 28.2 0.9 
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The methodology described above became the basis 
for creating the program algorithm “Whiteness” for 
determining kaolin whiteness using scanned image of 
the sample. Software source code was written in high- 
level general-purpose programming language Python. 

An important part in planning calendar of mining 
operations is reliable prediction of values whiteness 
in some areas and the field in general. One of the 
main approaches to the analysis and processing of 
spatially distributed data is a geostatistical model- 
ing. According to the data of geochemical analysis 
of selected samples from 628 welles of Velyko- 
Hadomynetsky deposit the variogram analysis was 
made (Figure 3, a) and Kriging map for whiteness 
was built (Figure 3, b). 

Analysis of Kriging map indicates that a zone 
of maximum whiteness is located in the northern 
part of the deposit, and variogram shows that the 
value of whiteness has autocorrelation in azimuth 
of 90° at a distance of 435 m. In geostatistical 
prediction important parameters are number of da- 
ta and places of taking samples. Therefore the in- 
fluence extent of exploration deposit on result of 
prediction values whiteness was investigated in 
this paper (Figure 4). 

Variogram analysis for whiteness considering the 
extent of exploration and their basic statistical indica- 
tors showed that for operational exploration for 
whiteness with azimuth of 315° characterized by min- 
imum variance (23.5%) in the range of 43 autocorre- 
lation, because this part of deposit is characterized by 


maximum density of exploratory wells and the mini- 
mal variability values of whiteness (Figure 4, a). 

The value of the variance (41%) corresponds to 
consolidated results of operating and previous ex- 
ploration, which is in 1.7 times more than in the op- 
erational exploration on a range of autocorrelation 
of 140 m with azimuth 157.5°, that is obviously ex- 
plained by a large spatial variability of whiteness on 
the deposit (Figure 4, b). Simultaneously, for pre- 
liminary exploration results the mean value of dis- 
persion (30%) in the range of autocorrelation 435 m 
with azimuth 90° is typical, which is explained by 
the influence of uniformity network and much wider 
distance between exploratory wells compared to the 
consolidated results (Figure 4, c). 
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Figure 3. Variogram analysis (a) and Kriging map (b) for Figure 4. Results of variogram analysis taking into account 
whiteness. extent of exploration: (a) previous exploration; (b) opera- 
tional exploration; (c) consolidated results. 
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3 CONCLUSIONS 


The methodology of using a flatbed scanner with 
further processing of color coordinates pixel of 
scanned image for determine the whiteness of kaolin 
sample was proposed. 

The experimental studies for determine whiteness 
were made based on the proposed methodology. The 
approximation and statistical analysis of the data was 
done. A regression model of relationship for actual 
value of whiteness and value of whiteness determined 
by RGB coordinate was defined and is expressed by 
the following equation: y = 2.0388x —110.1439. 


The optimal scanning resolution for maximum 
performance and qualitative determination of white- 
ness was determined, which is 600 pixels per inch. 
The productivity of determining whiteness for a 
given speed is 5.1 samples per minute. 

Based on the studies the program for determining 
the kaolin whiteness using scanned sample image 
for the RGB color coordinates was designed. 

A geostatistical prediction for whiteness samples ac- 
cording to the extent of deposit exploration was made. 
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Stochastic model of rock mass strength in terms 


of random distance between joints 


O. Sdvyzhkova, S. Gapeiev & V. Tykhonenko 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: Impact of scale effect upon rock strength while transferring from the scale of laboratory sam- 
ple to the one of rock mass is studied. Rock strength is examined as a random value which magnitude in 
statistical sampling is distributed according to a certain distribution law. It 1s shown that logarithmic-normal 
law is the best one to describe strength dispersion. Effect of macrodefects (joints) upon the strength during 
laboratory sample testing cannot be taken into account directly; that is why definite number of virtual “defec- 
tive” samples with the strength being underestimated but not equal to zero are added into the sampling. In 
this context, distance between the joints is also considered as a random value distributed according to Ray- 


leigh distribution law. 


1 INTRODUCTION 


While developing deformation model of rock medi- 
um it is necessary to take into account the fact that 
rock is heterogeneous medium as for its nature and 
texture. Rock heterogeneity is manifested in terms of 
variableness of its physical properties and substance 
composition within the space. These variations can 
be the reason of anisotropy resulting in random vari- 
ations of the values of physical field parameters. 

Main characteristic to determine the model of me- 
dium deformation is its resistance to internal loads. 
As for rock, its basic resistance characteristic is com- 
pressive strength being determined using rock sam- 
ples according to standard testing technique. Transfer 
from the testing results to the strength of the whole 
rock mass is a complex task. It is explained by the 
fact that rock samples have limited sizes, moreover 
they cannot simulate complex rock mass structure, 
i.e. they cannot show heterogeneity of various scale 
levels being characteristic for rock medium. 

Difference of rock mass strength from rock 
sample strength is called scale effect in rocks that 
means available regularities of changes of me- 
chanical processes within an object in terms of 
changes of its dimensions. 

Statistic interpretation is one of hypothesis ex- 
plaining scale effect; according to this interpreta- 
tion, actual solids always have internal defects in 
form of vacancies, dislocations, joints, inclusions of 
different strength microvolumes distributed within 
the solid randomly. The more solid volume is, the 
more number of defects it contains, consequently, 
the less its strength is. 
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Structural factor, ke, being considered as the ratio 
of the value of specific strength characteristic in a 
mass to its value obtained while testing the samples 
of standard linear dimensions, is a quantitative scale 
effect estimator. As a rule, this is the ratio of com- 
pressive strength within R,, mass to the average 


compressive strength of R, rock sample, i.e. 


k. =(R,,)/(R.). Since ultimate strength level and 


parameters of rock elastoplastic state around mine 
workings are connected with this characteristic, 
determination of objective value of structural factor 
iS an important and complex task connected with 
rational design of underground facilities. 

A great number of theoretical studies based on sta- 
tistic explanation of solid strength nature are devoted 
to determination of this value (for example, Volkov 
1960, Sedrakian 1968, Rats 1968, Brady 1970, 
Koyfman 1963 etc.). Dependences of different com- 
plexity levels have been obtained to express qualita- 
tive pattern of strength decrease of large samples. 
However, it is difficult to estimate strength decrease 
quantitatively due to the difference of initial ideal- 
ized physical models from real rock masses. 


2 PROBABILISTIC ROCK MASS MODEL 
BASED ON NORMAL STRENGTH DISTRI- 
BUTION OF STRUCTURAL ELEMENTS 


Papers by A.Shashenko and E. Sdvizhkova 
(Shashenko et al. 2008), based on statistic theory of 
strength, consider rock mass as the aggregate consist- 
ing of structural elements which physical and me- 


chanical properties are distributed randomly accord- 
ing to a certain distribution law with AR) distribution 
density and F(R) integral distribution function. 

Difference of R,, mass (aggregate) strength from 
mathematical expectation of the strength of its M(R) 
structural elements (laboratory samples) is estimated 
using k, structural factor. In this context, mass 
strength should be estimated using such R,, value so 
that the strength of its structural elements with the 
specified reliability would not be less than this value. 

Following expression is used to determine proba- 
bility of such occurrence: 


p(R2R,,)=1-F(R), (1) 


R 
where F(R)= f f(x)dx is integral function of R value 


distribution. This inequation should be solved rela- 
tive to R,, value, i.e. R,, = t, where ¢ is the argument 
of F(R) function if its value is equal to 1—P. As- 
sume such designation as t=argF (1 —P). Then 
structural factor will be determined using expression: 


z arg F(1— P) 


sm NR) 


c (2) 
Definite form of expression (2) will depend upon 
the selection of F(R) probability distribution function 
of R random value; in this case, strength of mass 
structural elements is represented by this very value. 
As a rule, distribution law is selected on the basis 
of both physical nature of a random value and analy- 
sis of statistic information. Most often, especially in 
case when the volume of such information is minor, 
researchers select normal distribution law as a proba- 
bilistic model of quantitative criterion under study. 
Papers by A. Shashenko, N. Surgai, and L. Par- 
chevskiy (Shashenko et al. 1994) obtain structural 
factor value in assumption that the strength of mass 
structural elements is distributed just according to a 
normal law. In this case inequality (1) is as follows: 


R =*) 


m 
| -dt is normalized inte- 
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gral function of normal distribution. 

While solving equation (3) relative to R,, value and 
dividing both equation parts by M(R) = a mathemati- 
cal expectation, the authors of the paper (Shashenko 
et al. 1994) obtained following expression: 


k. =n -arg F,(l-P)+1 , 


where Fy(t)= 


(4) 
where 7=0/a is relative variation of structural 
elements strength. 
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Thus, structural factor is obtained as the value de- 
pending upon 77 relative variation characterizing 
level of medium heterogeneity: the more number of 
internal defects structural elements contain, the 
higher value of relative variation 1s. 

It should be noted that normal distribution law 
describes adequately only the values which varia- 
tions are not more than 33% (it comes from three 
sigma rule). As a rule, considerable data variation is 
not characteristic for the results of laboratory test- 
ing; variation of sample strength is usually not more 
than 25- 30%. Thus, large number of samples of 
coal-bearing Donbass rock has been tested in the 
National Mining University (Shashenko et al. 2008). 
Testing analysis has shown that the values of 7 rela- 


tive variation, f asymmetry, and > kurtosis say 


for normal distribution law which has been selected 
by the authors of the paper (Shashenko et al. 1994) 
as probabilistic-statistical model of the strength of 
mass structural elements to determine structural 
factor in the form of (4). 

However, while studying strength of rock mass 
structural elements being represented in reality by 
the samples made of selected ones attention should 
be paid to following facts: does the sampling ob- 
tained as the result of rock sample testing really 
express the nature of general totality? Is basic re- 
quirement for the sampling (equality of probabilities 
for all the elements of general totality to be added to 
the sampling) met? 

It is known that rock features natural jointing. 
While preparing samples, the ones with jointing are 
broken until testing begins. Thus, structural ele- 
ments containing microdefects are not used for 
standard testing. Only “good”, 1.e. unbroken mass 
elements, are taken as sampling parts. Nevertheless, 
as a result of such samples testing according to 
standard techniques there is scatter of strength val- 
ues with 77 variation within 25 — 30%. Consequent- 
ly, in terms of standard testing, especially when 
there is standard determination of sampling charac- 
teristic, 1.e. statistic distribution moments, 77 varia- 
tion expresses only internal heterogeneity of mass 
structural elements at microlevel (defects of crystal- 
line lattice etc.). Then, formula (4) means that struc- 
tural factor takes into account rock heterogeneity at 
microlevel only. 

Actually, rock is essentially heterogeneous medi- 
um with numerous defects of various levels — from 
hairline fractures being almost invisible up to dis- 
continuous faults of various amplitude and orienta- 
tion. Macrodefect features of rock medium have 
definite effect upon distribution law of its structural 
elements strength stipulating its deviation from 
normal distribution. 


3) RECORD OF MICRODEFECTS 
IN STATISTIC MODEL OF ROCK 
MASS STRENGTH 


To take into account heterogeneity of macro- and 
megalevels available in rock mass (for example, 
natural joints) it is necessary to put joint-containing 
elements into testing statistics. Thus, real sampling 
and real variation series are corrected by introduc- 
tion of additional elements which strength is well 
below the one of unbroken elements. It is obvious 
that artificial sampling supplementation will change 
all he distribution moments including variation 
characteristics: dispersion, standard, and relative 
variation. Then, according to Pearson diagram, law 
of distribution of structural elements strength will 
vary as well. 

The paper (Shashenko et al. 1994) shows tech- 
niques to introduce tested elements broken with 
microdefects into statistics. It is supposed that 
strength of such elements is close to zero and their 
number in sampling depends upon the distance 
between joints in real mass. As a result “corrected” 
initial first order moment (average sampling) and 
central second order moment (sampling disper- 
sion) as well as relative strength variation connect- 
ed to them are determined for the sampling into 
which n,, elements with zero strength are intro- 
duced. According to (Shashenko et al. 2008) 


n’ relative strength variation for “corrected” sam- 


pling is determined by means of y standard testing 
variation and /,, distance between joints within real 
rock medium: 


lL +l 
VAE m 0 
1 l 


m 





(n? + 1)-1 l (5) 


where /, — characteristic size of the sample being 
tested for strength under laboratory conditions. 

Physical significance of the problem shows that 
the distance between joints cannot be less then line- 
ar size of the sample otherwise it cannot be made. It 
is seen that artificial introduction of “defective” 
elements with zero strength into sampling increases 
strength value variation. Thus, if 7°+1=1.1 (that 
corresponds to the value of initial variation of labor- 
atory testing 7 =0.31) and distance between joints 
being five times more than sample size, then mass 
strength variation is 7 = 0.58, 1.e. 1t increases by 1.8 
times comparing with the initial variation. Such 
sharp variation increase is explained by excessive 
model idealization meaning that the strength of 
broken elements is equal to zero. 

Professor E. Sdvizhkova has proposed to take into 
account the fact that the strength of the elements 
with macrodefecs is not reduced down to zero but 
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decreased comparing with unbroken elements. Thus, 
R, (i=1...n,) general totality of strength values 


contains structural elements which strength is less 
than the strength of unbroken samples being esti- 
mated by certain f(a) function of strength reduction 
depending upon a angle of joint inclination to hori- 
zontal plane. Then 1,, of broken samples should be 
added to the initial totality of n, samples; strength of 
nN, Of broken samples is equal to: 


Ri, =S(@)R, (=La), (6) 


where f(a) function characterizing decrease of struc- 
tural element strength depending upon inclination 
angle of reduction plane has been obtained by 
E. Sdvizhkova using simulation by boundary ele- 
ment method of breaking rock sample with joint in 
terms of its various orientation relative to load axis 
and having the form of parabolic dependence: 


f(a)=7-10 74a? — 0,0386 a + 0,9359 . (7) 


In the paper (Shashenko et al. 2008) technique of 
macrodefects consideration taking into account 
function of strength reduction was fully generalized. 
Concept of joints effect coefficient was introduced 
being taken into account while correcting all the 
moments of statistic distribution. 

It can be shown that all the initial moments of the 
k” order of the “corrected” and initial series are 
interconnected by the ratio: 


2 


m, =K,m,, (8) 


pa : se dies 
where m, =— > R* is the initial moment of the k” 
nN, i=l 
order for standard sampling; and coefficient of 
joints for the moment of the k” order is determined 
by the expression: 


l k 
T + f*(@) 
KoE HW ; ; (9) 
pl 
lo 
In a particular case, 1f strength of broken elements 
is assumed to be equal to zero, then coefficient of 
joints effect is similar for all the initial moments. 
Dispersion of the “corrected”? variation series is 
equal to: 


Then taking into account that the dispersion of the 
“corrected? variation series is equal to 


D’ = K,m, -K?m? relative variation of the “cor- 


rected” series in the assumption that defective ele- 


ments have certain strength ( f (a)# 0) will be de- 
termined by the expression: 


V K FS) 9a 
Kym; K? 


If broken elements preserve their partial bearing 
capacity, then strength variation is not so high as 
in case of total breaking of “defective” elements. 
In particular, if nņ°+1 = 1.1, that corresponds to the 
value of initial variation of laboratory testing of 
n =0.31 and the distance between joints being 
five times more than sample size, mass strength 
variation now is 7 =0.42, i.e. it grows by 1.3 
times comparing with the initial variation. Such 
dispersion of rock mass strength is considered to 
be more realistic comparing with the hypothesis 
for zero strength of broken elements being used 
by E. Sdvizhkova to develop more adequate prob- 
abilistic-statistical model of rock medium strength 
based on logarithmic-normal law of random dis- 
tribution (strength of rock samples). She used this 
law as the basis to obtain following expression to 
estimate structural factor: 


eof ar Fh- p): m(n” i )) 
iis ot ie a eS a 


Jn” +1 


In this case, ką factor is calculated by means of 7/ 
(11) “corrected” relative strength variation express- 
ing degree of rock medium heterogeneity stipulated 
by the available microdefects (joints). 





n = 


(12) 


4 EFFECT OF DISTANCE VARIABILITY 
BETWEEN JOINTS UPON STRENGTH 
DISTRIBUTION OF ROCK SAMPLES 


The studies having been noted above show that the 
distance between joints is a constant value though it 
is not the case actually. Distance between joints is 
the main fissility parameter; this value is developed 
under the effect of large number of stochastic events 
being random itself. Consequently, being the result 
of manifestation of mass stochastic events it follows 
certain probability distribution law. 

S. Batugin (Batugin 1988) gathered a body of sta- 
tistic information considering distances between 
joints. To develop empirical distribution, measure- 
ment results were selected within the sites of mining 
enterprises of Kuzbass being homogeneous in their 
fissility. The author points out that according to 
Pearson criterion in terms of 5% level of signifi- 
cance several statistic hypotheses are not rejected 


(that is characteristic for moderate-sized samplings). 
However, by reference to physical nature of the 
given random value it is necessary to take Rayleigh 
law as the probabilistic model of distance distribu- 
tion between joints. 

Following the selected statistic model, determine 
probability of the fact that the distance between 
joints of a certain system will be not less than a 
certain J boundary value: 


i 2 x2 
phzr)=1- 12e- l ease- (13) 
20 2 
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where o(/)=0.52m is mean-square deviation, m 1s 
mathematical expectation of Rayleigh random value. 

Having solved this equation relative to /° we ob- 
tain formula for boundary value of random distance 
between joints expressed by means of mathematical 
expectation: 


i =0,8m ER 
\ P 


It is obvious that if probability tends to a unit, 
then boundary value tends to zero so it is necessary 
to work out definite practical certainty to determine 
value dispersion of random value under considera- 
tion relative to average. For example, with p = 0.9 
probability all the values of distances between joints 
will be more or equal to /’=0.25m value, and with 
p= 0.8 probability all the distances between joints 
will be not less then /°= 0.53m value ete. 

Taking into account the obtained correlations while 
determining coefficient of joints effect in formula (9) 
it is necessary to replace /,, determinate value with J" 
random value being determined depending upon m 
average value and p specified probability of boundary 
value of the distance between joints: 


(14) 





(15) 


y% | 
ln =1 =0,8m |In— , 


i.e. the distance between joints should be represent- 
ed not as a constant value equal to average one but 
as a random value varying within 50 — 52% accord- 
ing to Rayleigh distribution law. 

Having united formulas (9), (11), (12) and (15) 
we obtain system of congruencies representing sto- 
chastic model of rock mass strength which takes 
into account the fact that the distance between joints 
is a random value characterized by dispersion rela- 
tive to its m mathematical expectation according to 
Rayleigh law (see below — (16)). Here Kı and K, are 
coefficients of joints effect for the first and second 
order moments respectively. 
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Table 1 represents the results of the proposed 
model being used to estimate structural factor of 
rock mass and calculated strength value comparing 
with normal values to determine the same values. 

As calculations show according to normative stand- 
ards, decrease of the distances between joints from 
0.5 m down to 0.2 m does not effect the value of rock 
mass strength. According to the calculation using the 
proposed technique, this value decreases by 20%. It 
means that the proposed technique makes it possible to 
be more precise while determining rock mass strength 
within the area of mine working development. 

Thus, based on the results of the studies having 
been carried out it is possible to state that the differ- 
ence of rock mass strength from the strength of 
laboratory samples is determined by the variation of 
distance between joints within 50 — 52% according 
to Rayleigh law; it decreases exponentially depend- 
ing on this parameter that allows increasing accura- 
cy while estimating rock resisting strength and reli- 
ability of mine working design. 


e are Fl- p) in” + )) 


J 


n +l 
n = Ž2 (p? +1)-1, 
= l (16) 
A+ fla) + f*(a) 
K = 2 * , K, = 2 * , 
ta ea 
l l 


Table 1. Values of structural factor and calculated value 
of strength limit. 


Structural Calculated strength 

Average factor, ke value, R, MPa 
distance D g D » » 
between & 2: & EP 
joints, E S 3 E S 3 
ln, Mm 3 O S 3 og 

= Zo = Z 
0.2 0.21 0.4 8.40 16.0 
0.5 0.30 0.4 12.0 16.0 
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5 CONCLUSION 


1. Statistic interpretation is one of hypothesis ex- 
plaining scale effect; according to this interpreta- 
tion, actual solids always have internal defects in 
form of vacancies, dislocations, joints, inclusions of 
different strength microvolumes distributed within 
the solid randomly. The more solid volume is, the 
more number of defects it contains, consequently, 
the less its strength is. 

2. To take into account possible heterogeneities of 
macro- and megalevels available in rock mass, it is 
necessary that sampling statistic contains nominally 
elements with joints. Thus, real sampling and real 
variation series are corrected by means of introduc- 
tion of additional elements which strength is consid- 
erably lower than the one of unbroken elements but 
not equal to zero. 

3. Distance between joints is the basic fissility pa- 
rameter; this value is developed under the effect of 
large number of stochastic events being random 
itself. Consequently, being the result of manifesta- 
tion of mass stochastic events it follows certain 
probability distribution law. 

4. The difference of rock mass strength from the 
strength of laboratory samples is determined by the 
variation of distance between joints within 50 - 52% 
according to Rayleigh law; it decreases exponential- 
ly depending on the parameter that allows increas- 
ing accuracy while estimating rock resisting 
strength and reliability of mine working design. 
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Thermodynamics of multiphase flows in relation 
to the calculation of deep-water hydraulic hoisting 
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ABSTRACT: Concentrated in depths of World Ocean significant stocks on volume of polymetallic ores 
represent commercial interest by way of industrial production of scarce nonferrous metals. Results of the 
executed geological researches create objective preconditions for intensive development of new branch of 
mining-sea mining. Therefore development on creation of the unique deep-water mining equipment get a 
special urgency. One of the basic technological operations is transportation of the extracted minerals on a 
surface. Among known ways experts allocate airlift variant of hydraulic hoisting. Owing to high parameters 
of reliability of its work in difficult conditions of greater depths. On a line with it, the basic lack of airlift is 
high power consumption of installations. Therefore the tendency of development of airlift hydraulic hoisting 
consists in development of ways and means of raising installation’s efficiency. 


1 INTRODUCTION 


Nowadays creation of deep-water mining complex- 
es on the basis of hydraulic system of rise of min- 
eral raw material differs high probability of tech- 
nical realization. 

In airlift’s variant of hydraulic hoisting the basic 
electromechanical equipment settles down on a 
surface of water pool, that considerably simplifies 
its maintenance service and reduces the periods of 
time necessary for it. The given circumstance 
increases working capacity of hydraulic hoist of 
such principle of action, however high power 
consumption of compressors causes low coeffi- 
cient of efficiency (COE) of installations. Never- 
theless, according to dynamics of patenting, at a 
choice of the equipment for rise of nodules on a 
surface of sea water the preference is given to 
airlift installations that specifies perspective of 
their use in new area of mining. 

It is, determines necessity of increase of accuracy 
of used methods of calculation of parameters of 
heterogeneous streams. Let’s bring the brief review 
of known analytical models of two-phase gas-liquid 
currents (Uoliss 1972). 

The model of homogeneous current describes 
movement of separate phases in a stream on the 
basis of concepts of speed of a mix and relative 
speed of a phase. Such approach is expedient for 
using in cases when relative movement insignifi- 
cantly depends on charges of phases, and it is de- 
termined basically by other parameters. For exam- 
ple, at vesicular structure of current in vertical pipes 
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of the big section with low speeds of a stream. In 
given conditions relative movement between phases 
is defined by balance of forces of pushing out a 
bubbles and resistance to their movement, olumetric 
concentration, instead of charges of phases. 

For practical calculations the continuous models 
which are being, as a matter of fact, by a version of 
model of a stream of drift are widely used. Conti- 
nuous models operate with parameters of a mix, 
averaged-out on the area of cross-section section of 
a pipe, and suppose the correct account of sliding of 
phases. Their advantage consists in an opportunity 
of an effective utilization of an available empirical 
information. 


2 MAIN PART 


For model of separate current consideration of 
movement of phases with the description of their 
own properties and speeds is characteristic. In mod- 
el the equations of indissolubility, movement and 
energy which enter the name for each phase sepa- 
rately are used. Interaction of phases among them- 
selves and with walls of a pipe is considered by the 
separate equations. Complexity of model depends 
on quantity of equations containing in her. At most 
simple statement of a problem discrepancy only on 
one of parameters of phases is considered, and the 
equation of preservation is made for a mix as a 
whole. In case of excess by number of variables of 
quantity of the equations simplifying assumptions 
are used or correlation dependences are entered. 


Let’s spend a comparative estimation of models 
of current of a biphase mix. 

Distinction of speeds and temperatures of phases 
causes a mutual exchange of quantity of movement 
and heat. Often these processes proceed quickly and 
it is possible to make an assumption about achieve- 
ment of balance. In this case the most convenient 
method of research is the theory of homogeneous 
current, for example, for research disperse and 
vesicular structures. However the homogeneous 
model becomes inexact in conditions of sharp accel- 
eration and change of pressure. For the description 
of such current use of more exact models, for exam- 
ple, based on the theory of a stream of drift or sepa- 
rate current is required. 

The difference between model of a stream of drift 
and the theory of homogeneous current consists in 
an opportunity of the account of sliding of phases of 
a mix. For vertical vesicular structure of current the 
opportunity of reception of more exact results gives 
model of a stream of drift, however in this case at 
the decision of the equation of movement of a mix it 
is necessary to use numerical methods. That is, 
increase of accuracy of a method of researches is 
reached by its complications. The theory of a stream 
of drift is widely used at studying vesicular, whiz- 
bang, scummy-turbulent and disperse structures of 
current gas-liquid mixes, and also suspensions of 
firm particles in a liquid. This model is the basic 
point for distribution of one-dimensional theoretical 
methods on streams in which changes of speed or 
density on section of the channel are essential. She 
also is a basis for the decision of some non- 
stationary problems 

In opinion of authors of given article the most 
perspective theory is separate current theory which 
tendency of development consists in specification of 
tangents of pressure on border of section of phases 
is. Such approach yields comprehensible results at 
research of ring and dispersive-ring structures, but 
demands use of a plenty of empirical parities. 

There is a vertical stream of a three-phase mix in 
sea airlift (a liquid, gas and firm particles). Presence 
in a mix of a firm phase significally changes not 
only structure of the differential equations, but also 
ideology of construction of mathematical models. In 
(Kyrychenko et al. 2014) it is developed refined 
method of calculation of parameters of deep-water 
airlift hydraulic hoistings, in which connection to 
each structure of current of a multiphase stream 
there corresponds the mathematical model. The 
author’s concept of studying of multiphase streams is 
based on synthesis of theoretical models and methods 
of various complexity. 

However lack of the given method is that it is de- 
voted exclusively to questions of hydrodynamics 
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when being free from thermodynamic processes 
proceeding in installations. 

Results of the state-of-the-art review of the re- 
searches, devoted to airlifts have shown theories 
(Kyrychenko et al 2014) that in all settlement tech- 
niques one of the basic assumptions is postulation of 
isothermality of process of current in an elevating 
pipe (EP). Such assumption is justified for mine 
airlifts with rather short elevating pipes and speeds 
of current of a mix of 10 — 15 km/s. 

At the same time the analysis of technological 
schemes of functioning deep-water airlift hydraulic 
hoisting (DAH) has shown, that the degree of ex- 
pansion of air in an elevating pipe at movement of a 
hydromix from the amalgamator to an air separator 
makes hundreds times. This circumstance describes 
a new scope of airlift’s usage, puts under doubt 
reliability of an assumption about isothermal expan- 
sion of air. 

The purpose of given article consists in develop- 
ment of innovative technical decisions, on increase 
of efficiency DAH, based on for the first time estab- 
lished thermodynamical effects connected with new 
area of operation of installations by development of 
deep-water deposits of minerals. 

Let’s pass to consideration three-phase models of 
the hydraulic fluid, containing two discrete phases: 
firm particles and gas bubbles. Movement we shall 
consider with continual points of view, including, 
that each phase moves with the speed. We shall 
assume, that movement one-dimensional, we ne- 
glect forces of direct friction of particles about walls 
of the pipeline, interference of firm and gaseous 
particles, and also we consider, that own speeds of 
phases are small in comparison with speed of a 
sound in a mix. 

At the made assumptions the mathematical model 
of current of a three-phase hydraulic fluid can be 
presented by following system of the differential 
equations of indissolubility (1) — (3) and movements 
(4) — (6), written down accordingly for liquid, firm 
for liquid, firm and gaseous phases: 
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where K,, E,, V;—the module of volumetric com- 
pression, Junga’s module and Puasson’s factor of 
firm particles; K, — the module of volumetric com- 
pression of gas bubbles; Ky—the volumetric module 
of elasticity of a liquid; a;—speed of a sound in a 
pure unlimited fluid; R,;, R»— equivalent radiuses of 
firm particles and gas bubbles; kı, k,—the factors 
considering influences of nonsphericity and also 
concentration of firm particles and bubbles on at- 
tached weights; g — force of gravity; a — corner of an 
inclination of the pipeline to horizon; D — diameter 
of the pipeline; 4— Darcy’s factor; t— time; Ch, Cp — 
factors of resistance of firm particles and bubbles; 
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C; — volumetric concentration of a phase; p — pressure; 
p;—true density of a phase; p; — the-resulted density 
of a phase; V;—speed of a phase, F'—the area of 
interior cross section of the pipeline. 

On the basis of the developed method of calcula- 
tion of airlift hydraulic hoistings (Kyrychenko et al. 
2014) and the corresponding software researches of 
transportation polymetallic nodules (PN) for instal- 
lation with constant diameter of the elevating 
pipeline are executed. In calculations variants of 
hydraulic hoisting of various monodisperse struc- 
tures of firm particles were examined. For ap- 
proach of the received results plants productivity 
on dry mineral raw material is accepted 
77.8 kg/with (1000000). The sizes of particles 
varied in a range 0.001...0.15 m. Density of parti- 
cles in each considered monodisperse structure of a 
firm material was considered as a constant. Diame- 
ters of bringing and elevating pipelines in the given 
calculations made D,,qg=D,=0.46m. Results of 
calculations are selectively brought below. 

On Figure 1 dependences of change of absolute 
speeds of firm, liquid and gas phases (corresponding 
curves 1, 2 and 3) on extent of elevating pipeline 
DAH are resulted at transportation PMN in diameter 
of 0.07 m and by density 1250 kg/m’, and also of 
1900 m. Depth of development of a deposit corre- 
sponds to depth of immersing of the amalgamator 
6000 m. Zones I, II, II, IV denotes vesicular, shell, 
ring and disperse structures of current. On extent of 
vesicular and shell structures of current speed of a 
liquid exceeds speed of firm particles. For ring struc- 
ture of current essential expansion of air attracts trans- 
portation of the basic part of a firm material to volume 
of a gas phase, moving with a continuous stream in the 
central part of the pipeline. As a result speed of firm 
particles in a gas phase exceeds speed concentrated at 
a wall of the elevating pipeline of a liquid that speaks 
increase of speed of gas concerning a liquid phase. In 
disperse structure of current speed of liquid drops 
again exceeds speed of particles (Goman 2008). 
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Figure 1. Dependence of change of speeds of firm, liquid 
and gas phases on length of the elevating pipeline. 


Apparently from the resulted schedules at ring 
structure of current in EP firm particles advance 
water since it 1s transported basically by air in the 
centre of the pipeline while the liquid phase concen- 
trates on periphery pipes. Thus relative speed of gas 
and liquid phases is great enough. In this plan the 
certain interest is represented with the research 
problem of parameters of a ring mode of current in 
view of thermodynamic processes. With this pur- 
pose attempt to develop thermodynamic model 
based on use of the equations of indissolubility, 
movement and energy separately for each phase has 
been undertaken. However, bulkiness of model and 
complexity of a choice closing empirical depend- 
ences have not allowed to receive correct decisions 
in a wide range of change of initial data. But, the 
analysis of results of some settlement cases has 
allowed to establish, that by virtue of significant 
relative speeds of air power interchange between a 
gas and liquid phase is complicated, therefore really 
existing in a stream polytrophic process is closer to 
adiabatic, than to isothermal. Calculations of pa- 
rameters of current with use of an effective parame- 
ter of an adiabatic curve k= 1.4 have shown, that 
increase of settlement density of compressed air at 
isentropic process leads to reduction of its relative 
speed, redistribution of structures of current on 
height of an elevating pipe and, as consequence, to 
change of a hydraulic mode of transportation in 
comparison with isothermal process. 

Let’s stop on applied aspects of thermodynamics of 
DAH. For this purpose we shall execute estimated 
calculation of final temperature fulfilled in airlift air. 

The settlement scheme is presented on Figure 2 
(Patent No 30168). 





Figure 2. The settlement scheme. 


The problem is solved at following basic assump- 
tions: the density of water is considered a constant; 
external heat exchange — is absent; on an output 
from airlift water, air and firm particles are in ther- 
mal balance (it is the most adverse from the point of 
view of decrease in temperature of air a case); influ- 
ence of phase transitions is a little. The equation of 
the first law of thermodynamics (the law of conser- 
vation of energy) for considered system looks like: 
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+m, 8 +m, oe +m,,gH, |=0; (17) 
where /; — full enthalpy. 
Indexes: “f’, “gs’’, “s’’, “c” define accordingly pa- 


rameters of water, air, firm and mix particles on an 
input (an additional index “bg’’) and on an output (an 
additional index “en’’) an elevating pipe of airlift. 

Enthalpy of a stream of water it is defined under 
the formula: 


(18) 


ie 
Ki 


where Cy—a thermal capacity of water; T— absolute 
temperature of water. 
Enthalpy of air: 


Ios =C TMy > (19) 
where C, — isobaric thermal capacity of air. 
Absolute pressure of water at the input of airlift: 


P n =P, +p;e(H+H,), (20) 


where P, — atmosphere pressure upon a free surface 
of water. 

Substituting (18)-— (20), in (17), after transfor- 
mations we shall receive the equation (21). 

For example, for installation with parameters; 
h = 2000 m, H= 2000 m, Ven = 55 ms, Vosen = 55 m/s, 
Ving =0 m/s, V xxbe =3 m/s, Cr= 4150 J/(kg:K), 
Cpgs = 1000 J/(kg:K), Tig = 275 K, the final temper- 
ature makes To, = 274 K. 


poy, Vin Vig) + Mes Ven Vang + Ven Vibe) _ my hy +My lH +h)+meH+h+Hy) o 
en bg J Cm; + Cresco as Cm, Comp Fermo F Cm, 
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Dismissed has estimated character since it is exe- 
cuted within the limits of homogeneous equilibrium 
model of two-phase current and allows to determine 
the top border of possible temperature of air on an 
output from an elevating pipe. Actually, in top sec- 
tions of HP as it was specified above, the thermody- 
namic mode of current is close to adiabatic, therefore 
the valid temperature of air will be below settlement. 

In view of this fact the way according to which 
fulfilled in airlift cold air on the tight pipeline again 
moves to the input of the compressor together with 
atmospheric air (Figure 3) that results both in in- 
crease in productivity of the compressor, and to 
decrease specific power consumption is developed. 
Really, productivity of the compressor is defined on 
volume of sucked in air. Geometrical volume V it 
will not change, and the quantity of air “m” with 
other things being equal, as is known depends on its 
temperature T as follows: 


n: 
RT 
where R — a gas constant. 
Change of productivity 0,, % of the compressor 
can be estimated for various conditions of operation 
on dependence: 


(22) 





m, +m, ,)—m, 

gua letmo 99 9, (23) 
My 

where: m, = a -n — quantity acted in the com- 


pressor fulfilled in airlift air; a. =a volume frac- 
tion of the fulfilled air which has acted in the 


compressor; m, _ pV(l-a@,) —quantity of at- 
Ri, 
mospheric air which has acted in the compressor; 
m, _ pV(l-a,) — quantity of atmospheric air 
Ri, 


which has acted in the compressor during the work 
of the compressor under the traditional scheme; 7, 
and Tps — temperatures of air which has fulfilled in 
airlift and in an environment. 

Thus, dependence (23) will become: 





a, l=@, me 
gu- be tee 100%= 0, —**.100 %, (24) 
7m a 
For example, @e=0.6, Tp, =303K and 


T, =274 K ô, = 6.8%. 

Besides as on an entrance of the compressor 
cooled air specific work of the compressor due to 
decrease in work of compression of air will de- 
crease, at its intensive cooling moves. 


309 


As a first approximation this decrease in power 
consumption can be estimated on parameters of 
the first step of the compressor, including, that 
operating modes of the subsequent steps have 
remained constant. 

It is well-known that, specific (falling a unit of 
quantity of air) display work of a step (section) of 
the compressor is determined by expression: 

Z 


j= RE), (25) 





where z—a parameter of process; 7;, and Tin- 
initial and final temperatures of air of a step. 

Thus, relative decrease specific power consump- 
tion 6;, % of the compressor can be estimated by 
dependence: 


5% = 0a -100 %, (26) 





o 


where /, and /,—specific display works at use of 
fulfilled air and at use only atmospheric air. 
Accepting Ten and m constants, and temperature 
T, of air acting in the compressor proportional to 
mass fractions of fulfilled and atmospheric air and 
substituting (25) in (26), we shall receive: 


Pt ToT 
§,26= = —* 100% =, —— 100% 


bg bg 


(27) 


where: T, =a@,T,+(l-@, ie (28) 


For example, at a.=0.6, T,g=303K and 
Te = 272 K, 6, = 6.14% 

The analysis of results of regular calculations 
with use of the above-stated mathematical device 
(1) — (28) considering interference hydrodynamic 
and thermodynamic effects, has allowed to formu- 
late following scientific result: at ring structure of 
current in the certain range of change of initial 
data the firm particles transported in the centre of 
elevating pipe of DAH in a mode close to pneu- 
matic transport, advance the liquid phase concen- 
trated on periphery of the pipeline. By virtue of 
significant relative speeds of gas and liquid phases 
interphase interchange it is complicated and really 
existing polytropic process is closer to adiabatic 
than to isothermal. 

The given result specifies expediency of study of 
essentially new “closed” constructive schemes of 
DAH directed on knocking over of pneumatic ener- 
gy and allowing effectively to use cool potential of 
deep waters. According to our reckoning develop- 
ment of the specified schemes in many respects 
defines strategy of designing deep-water airlift 
hydraulic hoistings with the improved power char- 
acteristic. The given reasons are put in a basis stated 
below the invention (Figure 3). 
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Figure 3. Scheme of DAH of the closed type. 


The invention concerns to area of rise of minerals 
from a bottom of the seas and oceans and can be 
used at designing and operation of airlift installa- 
tions in other branches. 

The purpose of the invention consists in in- 
crease of an overall performance of airlift installa- 
tions by increase in productivity, reduction specif- 
ic power consumption of process and protection 
of an environment. 

The object in view is reached by that fulfilled in 
airlift air possessing in low temperature potential, is 
again used in the compressor of airlift installations. 

The essence of the technical decision consists that 
separeted on an output of airlift cool air by heat 
sealed pipeline moves to the soaking up pipeline of 
the compressor in front of the air filter where for 
indemnification of losses of air in airlift in addition, 
through the adjustable gate, air from an atmosphere 
moves. Thus mass submission of the compressor as 
a result of mixing fulfilled in airlift cold air and 
atmospheric air on an input of the compressor air 
with temperature below an ambient temperature 
moves increases, that in addition leads to decrease 
in a specific power consumption on compression of 
air in the compressor and excludes emission ful- 
filled in airlift air in an atmosphere. 

On Figure 3 it is schematically represented, an 
offered design. 

Airlift installation contains the elevating pipe 2 
connected through the amalgamator / and air pipe 
of a high pressure // with output of the compressor 
10 Output of an elevating pipe 2 through air separa- 
tor 3 with drainage branch pipe, the pipeline-air line 
of 4 compressors S connected to the soaking up 
pipeline 70. In the soaking up pipeline & the filter 9 
is established and the manometer 7 Soaking up 
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pipeline 8 is connected to an atmosphere through 
the soaking up branch pipe 5 equipped by the ad- 
justable gate 6. 

The device works as follows. Before start of in- 
stallation the gate 6 is completely open, providing 
the minimal resistance of a soaking up line S. After 
start of the compressor the compressed air on an 
air pipe // acts through the amalgamator in an 
elevating pipe therefore there is a start of airlift. 
Air getting into airlift, has reference temperature 
close to temperature deep layers of water 
(+1°C...+ 2°C). During the movement of air in 
airlift with the big relative speed (up to 50 km/s), 
as a result of intensive thermodynamic processes 
occuring there, the temperature of air goes down 
so, that in an air separator the temperature separet- 
ed air will be below its reference temperature. As 
at work of the compressor in a tight air line 4 the 
vacuum leaving from airlift, air continues to ex- 
tend is created moves on heat sealed pipeline to an 
airline 4 in soaking up pipeline 8 where mixes up 
with acting on a soaking up branch pipe 5 of an 
atmosphere air and cools it. As a result of it densi- 
ty /0 air acting in the compressor increases, that 
leads to increase in productivity of the compressor 
and its decrease specific to power consumption. 
During work of installation pressure in the soaking 
up pipeline of the compressor is supervised by a 
manometer 7 and by means of the gate 6 estab- 
lished on the soaking up branch pipe, supported 
equal nominal. 


3. CONCLUSIONS 


The new approach to studying processes in airlift, 
based on the joint analysis of hydrodynamical and 
thermodynamic parameters of high-gradient three- 
phase compressed stream is offered. 

For the first time it is established, that interfer- 
ence of hydraulic and thermodynamic fields in 
high-gradient of three-phase compressed stream 
leads to occurrence is abnormal low temperature 
potential of fulfilled air on an output from elevat- 
ing pipe of DAH. 

The closed constructive schemes of DAH directed 
on knocking over of pneumatic energy in a running 
cycle of installations, using features of thermody- 
namic process of expansion of compressed air and a 
cold of deep waters are developed. Use of such 
schemes allows raising essentially productivity of 
hydraulic hoistings, alongside with reduction of 
their power consumption. 
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Assessment of groundwater rise in urban areas: 


Case study the city of Dnipropetrovsk 


T. Perkova & D. Rudakov 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: The numerical groundwater flow model has been developed for the city of Dnipropetrovsk in 
order to assess the risk of groundwater rise (GWR) caused by natural and man-made impacts. The 3D model 
takes into proper account the heterogeneity of aquifer properties as well as flow budget components in per- 
meable and confining layers. The model allows more accurate long-term predicting the groundwater level in 
built-up urban areas based on the evaporation-precipitation balance, and evaluating the total area under high 
risk of flooding due to groundwater rise up to the critical depth. Assessment of groundwater rise in urban 
areas 1s considered as the useful tool for decision making in water management and geotechnical stability in 


large cities affected by floods. 


1 INTRODUCTION 


At the time being, groundwater table exceeds the 
natural level in more than 900 cities and towns in 
Ukraine with the total area of about 4000 km? (In- 
formation yearbook 2012). High groundwater level 
triggers landslides, suffusion, land subsidence and 
may intensify karst development under specific 
geological settings. Groundwater rise is believed to 
pose a very risk to public safety and can cause sig- 
nificant damages and economic losses (Yakovlev 
et. al. 2002). One of those cities is Dnipropetrovsk 
located in Dnipro valley where the trend of rising 
groundwater has been observed since the end of the 
nineteenth century. 

High groundwater level in urban areas is most 
likely to occur in lowlands underlain by permeable 
rocks like the left bank and lower terraces of right 
bank of Dnipro River. Besides, this process may 
also occur in the areas with higher ground surface 
elevation underlain by low-permeable loess and 
loamy-sandy soils. For the case of Dnipropetrovsk 
city, a number of man-made factors contributed to 
higher flood risks which are: 

— leaky sewer and municipal pipeline systems; 

— obstructed runoff in depth; 

— extensive building; 

— large sealed areas, f. 1., covered with asphalt. 

By 1990s artificial recharge in some city areas 
due to leaks from pipelines became comparable with 
the mean annual precipitation rate of about 460 mm. 
In some cases these may reach 70 percentage of 
total water supply (Statistical Yearbook 2011). 
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Likely, the leaks has triggered a catastrophic land- 
slide in June 1997 that destroyed one nine-story 
block of apartments, one school, two kindergartens, 
and several one-story buildings on the area of 4.5 ha. 

Engineering solutions proposed and developed to 
protect of flooding proved to be insufficient. A 
number of measures to prevent flooding, including 
sedimentary control, upgrade of municipal pipeline 
systems, and water drainage have been taken till 
2011 (Comprehensive Programme 2002). Regretta- 
bly these measures had no significant effect. 

To predict and control groundwater rise in chal- 
lenging urban environment with various types of 
ground surface ground water flow models have to 
accurately consider surface runoff and precipitation- 
evaporation balance. At present, ground water flow 
models are not systematically applied to large urban 
areas. Commonly, evaporation in these models is 
input without any reference to ground water level, 
which lowers the prediction validity, especially 
when groundwater occurs at shall depth (Været 
et. al. 2009, Rudakov et. al. 2014). Thus, adequate 
assessment of recharge and evaporation is getting of 
critical importance for groundwater flow models 
and valid assessments of flow budget and ground 
water rise. 

Therefore, the study aims to assess the risk of 
groundwater rise in the city of Dnipropetrovsk by 
evaluation of surface and underground runoff, tak- 
ing into proper account relief, unsaturated zone 
thickness, evaporation, leakages, and hydraulic 
conductivity for soils in different districts of the 
Dnipropetrovsk city. 


2 SITE DESCRIPTION 


Dnipropetrovsk is located at the connection of two 
major geomorphologic elements that are the right 
pediment plain bank which is part of the Dnipro 
upland and left lowland banks. These provide the 
great originality of terrain and features of modern 
exogenous processes. Geological settings of the 
terrain are the complex of Quaternary and Paleo- 
gene soils, and crystalline Proterozoic rocks. 
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The main part of Dnipropetrovsk is located on the 
right bank of Dnipro River dissected by ravines and 
gorges deeply incised in sedimentary rocks (Figure 1). 

In the highly heterogeneous ground water flow 
domain within the city area three layers are discrim- 
inated which are: 

- unconfined aquifer of loess loam and sandy- 
clay soils; 

— confining low-permeable clay bed; 

— confined-unconfined sandy-clay aquifer. 
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Figure 1. Locations of the areas under flood risk in the city: district boundaries; I... VHI district numbers, L 


raising groundwater. 


The risk of flooding is higher, particularly, for 
Amur-Nyzhnodniprovskyi (AND), Leninskyi and 
Samarskyi districts. Some residential areas there 
have been flooded in February 2012. Melted snow 
water has covered large territory having affected 
20 houses and 33 homesteads in AND district. Five 
houses and 21 homesteads were flooded on Brativ 
Trofimovyh Street (Figure 2) as well as two home- 
steads in Chapli Area. 

More than 22000 m° of water were pumped out 
and 200 m of drainage channels were cleaned by the 
Emergencies Ministry and municipal services dur- 
ing February, 26 to urgently dewater this area. 


3 DEVELOPMENT OF THE CONCEPTUAL 
GROUNDWATER FLOW MODEL 


The groundwater flow domain has been digitized by 
assigning hydraulic conductivity K, aquifer thick- 
ness m, and groundwater depth h for each layer 
(Table 1). 








Figure 2. Groundwater flooding of homestead in Brativ 
Trofimovyh Street, February 2012. 


The impact of precipitation seasonal changes on 
ground water level variation, the leaks from water 
and heat supply and sewer systems as well as build- 
ing density were assessed by time series analysis for 
ground water recharge. These adjustable parameters 
varied between extreme values while testing the 
numerical model. Infiltration rate was assumed to be 


314 


much higher for lowlands, foots of slopes and in 
gullies because of collecting more surface runoff. 


Table 1. Groundwater flow model parameters. 


5 Aquifer / Thick- Hydraulic Ground 

2% confining ness, m, conductivity, water 

= bed m K, md! depth, A, m 

E Oa g 1-20 
sandy-clay 

2 Clay 10-15 0.0001 — 

3 Sandy-clay 40 1.2 15-75 


Empirical formula derived by F. Averianov was 
used to estimate annual evaporation from the ground 
water surface (Averianov 1978). In case of high 
elevation of ground water table near the soil surface 
the evaporation rate E (mm/year) was calculated as 
follows: 

) 


E(H)= a 
where FE) — evaporation rate from the water surface, 
mm/year; H — the ground water depth, m; H,,.— the 
critical depth of ground water level, m; n — the empir- 
ical factor depending on soil properties that ranges 
from | to 3. If the ground water level falls below the 
critical depth H,, no evaporation is assumed to occur. 
The critical depth Ha has been estimated follow- 
ing the formula of V. Kovdy (1947): 
Ha = (170 + 8T), cm, (2) 
where 7 — the mean annual temperature assumed to 
be 9°C for the site area; Ha. = 2.8 m. 
The mean annual head variation AH for an arbi- 
trary planar area within the flow domain can be 


evaluated on the base of the water balance equation 
as follows: 


F,, E(H)+F.,-w, +O,-Q, - 
A 
UAt 


H 
(ese 
H 


cr 


(1) 


— On + Qsa = Fo (3) 


where F’,,, — evaporation area, m’, F oy = a'Fo; a — the 
fraction part of unsealed surface of the total area 
that is able to evaporate; Fo — the total area, m?; Wp — 
precipitation rate, m/d; Q, — artificial recharge, 
mdt; Q, = Fow, m°d'; w, — artificial recharge rate, 
m/d; Q, — surface runoff, m°/d, Oe POWs O50. = 
surface runoff fraction in precipitation flow; QO, — 
vertical discharge through the underlying clay bed, 
m°d'; O,7 — groundwater discharge through flow 
domain boundaries, m°d’'; u — specific yield; ¢ — 
time period, d. 

Ground water depth H was evaluated as a result 
of numerical solution of equation (1) and (3) for 
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steady state condition, providing parameter AH is 
equal to 0. The iterative procedure coded in soft- 
ware MathCad and used for calculations allowed 
correlating ground water head and recharge rate for 
different fraction of sealed surface, which is im- 
portant factor for urban areas (see Section 4). 

The numerical groundwater flow model is based 
on the equation: 








Pf km, 4S K, m, M: + 

ax ~ dx ðy| ” dy 
K’ 

+ = (H, -H,)+W, - E, =m, on > (4) 
m, | ” ot 


where “s” and “P? — layer indices; Kys, Kys — hy- 
draulic conductivities along the x and y coordinate 
axes in layer “s”, m/d; H,, Hı — the potentiometric 
head in layers “‘s” and “?’; K',; and m',; — average 
hydraulic conductivity and layer thickness, respec- 
tively, md! and m; W, — volumetric flux per unit 
volume, representing sources of water inflow, m*d?: 
No — effective porosity. 

Numerical simulation of groundwater flow has 
been performed using software Visual Modflow 
2009.1 that applies 3D block-centred finite differ- 
ence procedure to solve equation (4) (Harbaugh 
et al. 2000). 

The software Visual Modflow provide some ad- 
vanced options for accurate simulation of 3D 
groundwater flow, particularly, dewatering and 
rewetting modes both for aquifers and confining 
layers. This is especially important under strong 
impact of time-dependent parameters that quantify 
various man-made and natural factors. 

The flow domain covers residential and industrial 
areas in both parts of the city. It takes into account 
space variations of recharge, groundwater discharge 
and surface-ground water interaction. The flow 
domain area of 341 km* has been divided by the 
grid with node resolution of 500x500 m_ onto 
1363 cells. The grid spacing has been agreed with 
the geological monitoring scale that allowed trust- 
worthy evaluation of representative model parame- 
ters. This spacing enabled reproducing the ground 
surface elevation (Figure 3) with the accuracy suffi- 
cient for modelling, taking into proper account spot- 
ty patterns of evaporation and precipitation over the 
ground surface in urban areas. 

The flow domain is bounded by water divides and 
lowlands near the river in the south-western and 
northern parts of the city area. The long-term mean 
annual water level is assumed on the boundaries. 

The ground water flow domain includes two un- 
confined and confined-unconfined aquifers separated 
by the low-permeable bed of heavy loams and clays. 




















Figure 3. Ground surface elevation of the site. 


The shallow Quaternary aquifer occurs on the 
right river bank on the watershed area and in ravine 
bottoms as well as throughout the left riverbank. 
The deeper Neogene aquifer occurs within the wa- 
tershed area and on the ravine slopes. 

Layer bottom elevation of the Quaternary aquifer 
has been assigned to each block of the grid accord- 
ing to geological surveying data. The Neogene aqui- 
fer has been reproduced in the model using the avail- 
able data on rock/soil permeability, flow velocity, 
and head elevation at the external model contours. 

The heterogeneity of soil/rock permeability in the 
model was simulated by 10 different zones accord- 
ing to the ranges of conductivity and storage (Ta- 
ble 1) and available geological cross-sections. 


4 RESULTS AND DISCUSSIONS 


To evaluate quasi-steady ground water depth de- 
pending on the evaporation rate by equation 3 we 
varied the input data of ground water recharge, sur- 
face runoff, and the fraction of evaporation area. 
The other parameters were defined according to 
typical conditions of Dnipropetrovsk: 
w, = 450 mm/year; E y= 0.8 m/year; H,,= 2.8m; 
i= 0.2. Descending vertical and horizontal flows 
were assumed insignificant. 

Reduction of evaporation area under intensive ar- 
tificial recharge w, of 150 mm/a (at the mean value 
w; for the city of 91 mm/a) will result in groundwa- 
ter rise or decrease of groundwater depth from 
1.4 m to zero, 1.e. to the earth’s surface (Figure 4). 

Reduction of unsealed surface inhibits evapo-ration, 
which likely causes the convex form of the curves. 

Recharge rate was evaluated by the procedure de- 
scribed above regarding to the available data on 
leaks from water supply and sewer systems, surface 
runoff and evaporation. 
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Figure 4. Calculated groundwater depth H versus the frac- 
tion of unsealed surface œ for various recharge rates: 
wa = 100 mm/a (dashed curve); wp = 150 mm/a (solid 
curve). 


Increasing of recharge rate from 0 to 200 mm/a 
contributes groundwater level rise; groundwater 
depth demonstrates almost linear correlation with 
surface runoff for in the range from 1.2—2m to 
0.5 — 1m. Reduction of the surface runoff results in 
rising groundwater level up to 0.5 — 0.8 m (Figure 5). 
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Figure 5. Calculated groundwater depth H versus recharge 
rate w,, for different fraction of surface runoff: a, = 0.6 
(solid curve); &, = 0.9 (dashed curve). 


This parameter ranging within 0.05 — 160 mm/a 
was distributed over the city area using 15 zones 
with different values. 

The developed model has been validated by in- 
verse modelling under conditions of steady-state 
flow. The calculations showed good correlation 
(80%) to groundwater monitoring data. 

According to modelling, the water budget of the 
shallow Quaternary aquifer depends primarily on 
infiltration and descending water flow to the under- 
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lying aquifer (Figure 6, a). However, both natural 
and man-made recharges (over 13000 m°/d total) 
contribute the most to groundwater rise and height- 
en the risk of flooding in lowlands. 

These budget components discharge primarily to 
the river (roughly 80%), and the rest water comes to 
the deeper Neogene aquifer. Groundwater and, par- 
tially, rain water may enter the Neogene aquifer 
through the zones of relatively high permeability in 
the confining bed encountered mainly in the central 
part of the right bank city area (Figure 6, b). 
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Figure 6. Inflows (1) and outflows (II) of the Quaternary 
aquifer (a) and Neogene aquifer (b): 1 — discharge through 
boundary; 2 — groundwater inflow and outflow to the river; 
3 — recharge; 4-— water flow exchange between adjacent 
layers; 5 — total water balance. 
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Ground water flow is assumed to have backup 
water level within the Neogene aquifer toward the 
river bank, where discharge decreases due to hy- 
draulic gradient fall. 

Groundwater flow will likely remain stable till 
2018 on the left riverside. Thus, groundwater level 
in Industrial and Samara districts is expected to rise 
insignificantly (Figure 7). 
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Figure 7. Ground water rise map of Dnipropetrovsk city 
for the next five years based on modelling results: I... VII — 
district numbers; L- natural groundwater level area; 
groundwater raising domain: L_! 0—1m; 1-2m; 
over 2 m. 





At the same time, groundwater level will rise an- 
other 1 m to in a small area within Industrial district 
in the northern city area on the distance 200 m far 
from the river. The same trend refers to the low- 
lands in Samara district and residential area Chapli 
(South-East of the city). Groundwater level varia- 
tions may have the tendency to rise 1 m to in the 
North-Western part of the city; however, this trend 
will be restrained by higher evaporation and evapo- 
transpiration within the green zones on the border of 
Frunzenskiy residential area (Figure 7). 

Throughout the right riverside city part except 
most of its western districts, ground water rise of 
1 m to 2 mis expected. 

The increases of ground water level up to 2m 
may occur more likely in South-West of the city; 
under the highest risk of groundwater rise are the 
central part of city, the districts to South from 
downtown and the suburb Krasnopolie where 
groundwater may rise over 2 m above the current 
levels. The areas with critical groundwater depth of 
less than 2 m below the surface will likely to appear 
within central and south-eastern districts till 2018 if 
no preventive measures will be taken. 


Therefore, the model highlighted the most prob- 
lematic areas of the city in terms of ground water 
rise risk. Figure 7 can be interpreted as the ground- 
water rise susceptibility map that visualizes the size 
of flood risk zones depending on groundwater and 
surface parameters, evaporation, recharge, and vari- 
ous leaks. 


5 CONCLUSIONS AND RECOMMENDATIONS 


For the first time the numerical model of 3D ground 
water flow has been developed and validated for the 
area of Dnipropetrovsk city. 

As a result of increasing infiltration and leaks 
from municipal pipeline and sewage system, the 
natural groundwater balance of the city changed 
dramatically. Prevailing water input mostly from 
man-made sources resulted in the levels much high- 
er than those observed natural groundwater flow. 

Troublesome groundwater rise in urban areas oc- 
curs mostly in slopes and lowlands with relatively 
high permeability aquifer within a right bank of 
Dnipropetrovsk city. Hydraulic gradient in these 
areas 1s very low, which leads to forming of large 
stagnant flow zones. 

The total area affected by groundwater rise over 
2m to the critical depth has been evaluated nu- 
merically; it may reach above 15 km? in the next 
five years. 

The preventive measures to be taken urgently 
should be focused on the drainage in flood suscep- 
tible residential areas. The measures have to in- 
clude installation of radial drainage systems and 
intake wells that allow self-draining of groundwa- 
ter and lowering ground water head in the sites of 
its maximum rise (Inkin & Rudakov 2012). Be- 
sides, water supply and sewer networks need ur- 
gent modernization and repair to avoid or mini- 
mize significant leaks. 

Further rise of groundwater level within the city 
is expected to be limited. The only exception is the 
built-up areas with dense population where leakages 
of water supply and sewer systems may frequently 
occur in the future. 

The living map based on the ground water flow 
model helps to highlight the critical points for more 
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thorough monitoring and early warning systems. 
These can alert the authorities on possible ground- 
water flood events in advance. Such early warning 
implies that authorities can be prepared in advance 
to respond properly to flood event threats. 
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Effect of obturation line on protective efficiency 


of dust half-masks 


S. Cheberyachko, O. Yavorska & V. Tykhonenko 


National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: Protection level of filtering half-masks is determined as the correlation of aerosol concentra- 
tion in the surrounding air to its concentration under the masks of respiratory protective device (RPD). There 
are two ways for unfiltered air to enter human lungs: through filter and through outflows along obturation 


line or exhalation valve. 


1 TOPICALITY 


Filter respirators are widely used to protect respira- 
tory organs against injurious additives in the air. 
Their efficiency is evaluated by certified laboratory 
tests according to two standards (DSTU EN 149- 
2003 and DSTU EN 143-2002) specifying range of 
specific procedures meant for determining their 
protective and ergonomic properties. Identifying 
penetration coefficient of half-masks, worn by peo- 
ple doing specific exercises, is the important ele- 
ment of this test. It is supposed that the results can 
be used to characterize quality of protective items in 
general. However, there are publications (Petryanov 
et al. 1984, Mironov 2002, Basmanov et al. 2002, 
Falshtynskyi et al. 2014) considering that protective 
properties of respirators obtained under manufactur- 
ing conditions are worse to compare with laboratory 
ones. There are many reasons for that. It can be 
inappropriate selection of respiratory protective 
device (RPD), lack of knowledge how to use them 
as well as the situation when working conditions are 
not taken into account. Nevertheless, we believe that 
the main reason is incomplete laboratory research. 

First, the majority of procedures for determining 
aerosol penetration through the filter are carried out 
on mass production basis which cannot reflect real 
parameters in the context of pulsating respiratory 
mechanism. Second, while determining aerosol 
aspiration along obturation line in accordance with 
DSTU EN 140-2004 tested on volunteers, it is rec- 
ommended to use filter simulator. Its resistance to 
airflow should correspond to the one of real filter. 
However, while testing, aerosol particles are accu- 
mulated on RPD increasing their pressure differen- 
tial with the growth of aspirations at obturator leak- 
iness. That is why it is important to evaluate protec- 
tive efficiency of respirator taking into account sim- 
ultaneous aerosol penetration through filter and 
obturation line. 
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2 STATEMENT OF THE PROBLEM 


The aim of this paper is to evaluate the effect of 
aspiration along obturation line simultaneously with 
filter operation in actual practice cyclically on RPD 
penetration coefficient. 


3 MATERIALS AND TESTING METHODS 


Testing procedure included the following: 

— determining respiratory modes of testees; 

— determining penetration coefficient through res- 
piratory filter on the attachment using sodium chlo- 
ride aerosol (Figure 1); 

— determining penetration coefficient of sodium 
chloride aerosol through respirator with the help of 
testees (Figure 2). 

Identifying respiratory modes of testees is re- 
quired to reproduce them while determining pene- 
tration coefficient of RPD filters. Air volumes being 
inhaled and exhaled during normal, deep respiratory 
modes, while walking at the speed of 6 h/km were 
recorded with the help of electronic manometer 
“Testo 512”. Its technical characteristics allow de- 
termining speed of air exhaling, pressure differ- 
ences, rarefaction, and differential pressure. 

Penetration coefficient of respirators was deter- 
mined using test-aerosol of sodium chloride. Plant 
scheme meets the requirements of DSTU EN 143- 
2002 (Figure 2). Operating principle of the plant is as 
follows. Aerosol mixture with the concentration of 
8 mg/m? and particles distribution of 0.02 — 2 mem is 
supplied inside testing chamber from aerosol genera- 
tor. Respiratory device is used to simulate specified 
respiratory modes obtained during previous test. Air 
is sampled from under-mask space through sample 
fixed to face piece of respirator. 
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Figure 1. Scheme of plant for determining penetration 
coefficient of respirators using test-aerosol on head model: 
1—aerosol generator with compressor; 2 — aspirators; 
3—multiway valve; 4-filter; 5-—testing chamber; 
6 — pipe branch for sampling test-aerosol from chamber; 
7 — pipe branch for sampling test-aerosol from under-mask 
space; &-— pressure sensor; 9 -—spectrophotometer; 
10 — antidust respirator; 11— respiratory device; 12 — air 
line and distributor of aerosol mixture; 13 — pipe branch 
for clean air supplying; 14—system of distribution of 
inhale-exhale phases; 15 — computer. 


Penetration coefficient of test-aerosol is calcula- 
ted using the formula: 
I,-I 
pen t (1) 


where /, — parameter of spectrophotometer after 
filtering; J; — parameter of spectrophotometer be- 
fore filtering; and J, — background parameters of 
spectrophotometer. 

To determine penetration coefficient of sodium 
chloride aerosol through respirator using testees 
group of 10 volunteers was selected covering set of 
face characteristics of typical users (Table 1). 
Standard requires control of length, width, depth of 
face, and length of lips (Figure 2). 


TaN 


face length face depth 





face width 


mouth width 


Figure 2. Face parameters to be controlled while RPD 
researching. 


Testees were familiarized with specifications of 
manufacturer for correct putting filter half-mask on. 
If there was a necessity to adjust anti-aerosol filter 
half-mask while testing, corresponding part of tests 
was repeated with initial parameters of the system 
updating. 
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Table 1. Dimensions of testees’ faces. 


Face characteristics, mm 


mete Length Width Depth 
1 111 126 113 
2 112 135 114 
3 119 125 109 
4 120 134 118 
5 120 143 111 
6 128 124 109 
7 127 143 115 
8 135 124 118 
9 135 136 114 
10 136 144 113 


Scheme of plant for determining protective effi- 
ciency with the help of testees meets the require- 
ments of DSTU EN 149:2003 “Filter half-masks for 
protecting against aerosols. General technical condi- 
tions” (Figure 3). 





Figure 3. Scheme of plant for determining penetration 
coefficient of respirators using test-aerosol on testees: 
l] — aerosol generator with compressor; 2 — aspirators; 
3 — multiway valve; 4- filter; 5- testing chamber; 
6-— pipe branch for sampling test-aerosol from chamber; 
7 — pipe branch for sampling test-aerosol from under-mask 
space; &-— pressure sensor; 9 -— spectrophotometer; 
10 — antidust respirator; 11 — run track; 12 — air line and 
distributor of aerosol mixture; 13 — pipe branch for clean 
air supplying; 14 — system of distribution of inhale-exhale 
phases; 15 — computer. 


During the process, testees gradually did follow- 
ing exercises: 

— normal breathing; 

— deep breathing; 

— turning head from side to side; 

— head movement up and down; 

— conversation aloud during some time; 

— body bending; 

— walking at a speed of 6 km/h during 2 min. 


The results are automatically entered into com- 
puter program AAS-2009 with their following pro- 
cessing and resulting in the form of graphs. 

Taking into account the fact that penetration coef- 
ficient of RPD filters located on head model was 
determined without aspirations according to respira- 
tory modes reproduced by respiratory device ac- 
cording to specified patterns, aspiration coefficient 
is calculated using the formula: 


Ky = Ky —K yim» (2) 


where K, — aspiration coefficient due to leakiness 
beyond contour (obturation) line; K, — penetration 
coefficient of respirator on head model; Kyam — pene- 
tration coefficient of half-mask on a human. 
Disposable and nondisposable half-masks with 
different obturator structures were used. Thus, dis- 
posable half-masks have special-purpose gaskets to 
ensure better adjacency to face (Figure 4, a, b, c). 


(a) (b) 





Figure 4. Obturator structures of disposable half-masks: 
(a) sample 1; (b) sample 2; (c) sample 3. 


Nondisposable half-masks have standard obtura- 
tor with similar perimeter width (Figure 5, a). New 
original obturators (Figure 5, b) have been devel- 
oped owing to use of silicone, plastic as well as 
combination of different elastic materials (for ex- 
ample, plastesol, “croton” and others). 





Figure 5. Modern nondisposable respirators: (a) sample 5; 
(b) sample 6. 


4 THE RESEARCH RESULTS 


Figures 6,7 demonstrate graphs of determining 
penetration coefficient of respirators on volunteers 
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cyclically. The obtained results show the available 
dependence of protective efficiency upon inhale and 
exhale phases. Disposable half-masks show almost 
similar oscillation of penetration coefficient when 
nondisposable half-masks show gradual increase of 
penetrating aerosol particles into under-mask space 
along with time. This fact can be explained by the 
available “dead” (non-ventilated) spot in heavy half- 
masks; as for light half-masks, they have minor 
“dead” spot. At exhale phase, part of aerosol entered 
under-mask space cannot come out through exhala- 
tion valve. It accumulates increasing concentration 
of aerosol entering with the next inhale. 
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Figure 6. Cyclical dependence of penetration coefficient of 
light half-mask upon the time with 30 I/min loss. 
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Figure 7. Cyclical dependence of penetration coefficient of 
nondisposable respirator upon the time with 30 I/min loss. 


Minor “dead spot” of light respirators favors elimi- 
nating aerosol residues out of the mask at exhale phase 
or concentration of admixtures is so low that integral 
photometer cannot record them. However, there is 
another situation during deep breathing, conversations 
and body bending (Figure 8). In this case, exhale vol- 
ume is not enough to eliminate penetrating particles 
from the space under respirator. It is also known that 
exhale volume is less to some extent than inhale vol- 
ume as not all blood-saturating oxygen is replaced with 
the liberated carbon dioxide. Additional gasket on 
obturator decreases possible occurrence of leakiness 
during head and body movement or conversation. 
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Figure 8. Cyclical dependence of penetration coefficient of 
light half-mask upon the time while doing different exer- 
cises: l-—normal respiration; 2-— deep respiration; 
3 — turning head from side to side; 4 — turning head up and 
down; 5 — conversation; 6 — body bending. 


Respirators of the third degree of protection 
(sample 1) have practically no oscillations of 
penetration coefficient while doing different 
exercises (Figure 9, 10) contrary to half-masks of 
the first degree of protection (sample 3) where 
obturator is strengthen only with the strip of foam 
plastic within the area of nose bridge. 

Evaluation of nondisposable respirators shows 
that standard half-mask has worse results comparing 
to the modern one. Sample 5 has obturator repro- 
ducing face features better to be confirmed by low 
aspiration coefficient. Area of nose bridge is a trou- 
ble spot of respirators and developers try to 
strengthen obturator in this very zone improving 
protective properties of RDP. 
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Figure 9. Dependence of penetration coefficient of light 
half-mask while doing various exercises: 1 —sample 1; 
2 — sample 2; 3 — sample 3. 


The results of determining aspiration coefficient 
of respirators calculated according to formula 2 are 
represented in Table 2. 
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Figure 10. Dependence of penetration coefficient of non- 
disposable half-mask while doing various exercises: 
1 — sample 4; 2 — sample 5. 


Table 2. Results of determining aspiration coefficient 
along obturation line. 


Respirator sample 1 2 3 4 5- 
Protection class FFP3 FFP2 FFP1 FFP3 FFP3 
Average values 
of penetration 14 75 223 23 1.8 
coefficient on 
testees, C,, % 

Penetration 

coefficientof 0.8 41 126 0.05 0.05 
respirator on a 

model, C,., % 

Aspiration 0.6 3.4 97 225 1.75 


coefficient, Cz, % 


Much more aerosol particles penetrate into non- 
disposable respirators through leaky obturation lines 
than through filtering components; it is contrary in 
disposable masks (Figure 11, 12). It is interesting 
that increase of air consumption in disposable half- 
masks results in decrease of aspiration value. Most 
of all it depends on half-masks sticking to faces due 
to increase of pressure differential. Similar effect 
has not been determined in case of nondisposable 
respirators as their half-masks are stiffer. 

One of the reasons provoking the situation is the 
difference in standard requirements as for RPD quali- 
ty. Thus, DSTU EN 149-2003 for half-masks of the 
third degree of protection specified that penetration 
coefficient through filter should be not more than 1% 
when penetration coefficient through the whole respi- 
rator per eight tests out of ten is not more than 2%. 

Difference between them is the possible aspira- 
tion coefficient along obturation line, 1.e. 4%. As for 
nondisposable respirators, DSTU 143-2002 speci- 
fies that penetration coefficient of protective third- 
degree filters is 0.05%. 
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Figure 11. Dependence of penetration coefficient upon air 
consumption of disposable half-masks: 1 — aspiration 
value; 2 — filter; 3 — sample 2. 
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Figure 12. Dependence of penetration coefficient upon air 
consumption of nondisposable respirator: 1 — filter; 
2 — aspiration value; 3 — sample 5. 


Another standard (DSTU 140-2004) has the re- 
quirements as for aspiration value through half- 
masks of these respirators; it should be the same as 
disposable ones have, irrespective of protection 
class, 1.e. not more than 2% per eight tests out of 
ten. At the same time, filters with low penetration 
coefficient are characterized by increased resistance 
to air flow. Consequently there is a possibility to 
increase aerosol aspiration through obturator of 
nondisposable RDP as air flow resistance in obtura- 
tor airspaces between face and half-mask can be less 
than filter resistance. Thus, according to DSTU EN 
140-2004 standard half-masks are not divided into 
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different protection classes; as a result, there is the 
situation with increased aspiration through obturation. 

The research shows that there is a possibility to 
improve protective efficiency of nondisposable 
respirators owing to more severe requirements as for 
aspiration coefficient according to protection class. 
These requirements can be met at the expense of 
introducing additional gaskets as well as by having 
equal distribution of pressure forces along obtura- 
tion line, by reducing “dead spot” etc. 


5 CONCLUSIONS 


Determining aspiration coefficient of different half- 
masks has allowed establishing the following: 

—each tested half-masks meets the requirements 
of standards within the determined research efforts; 

— aerosol particles that are accumulated in under- 
mask space of nondisposable half-masks resulting in 
deterioration of protective properties; 

—aspiration coefficient increases during deep 
breathing, conversation or body bending; 

—value of unfiltered air aspiration in nondisposa- 
ble half-masks along obturation line is larger than 
that of disposable ones; 

—contrary to nondisposable half-masks, aspira- 
tion value of light ones through obturator begins to 
decrease at reaching air consumption of 150 I/min. 
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The use of improved dump trucks for substantiation 
parameters of the deep pits trench 


S. Felonenko, K. Bas & V. Krivda 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: Exploitation of the deep mine horizons faces the great problems due to reduced in-pit envi- 
ronment, minimal operational sites, limited accessed reserves of the deposit. Therefore, because of mineral 
deposit excavation the working flank flattens due to significant volumes of rock removal. In its turn, the an- 
gle of working flank depends on the cutting depth, operational sites and transport communications width, 
safety berms width. Hence, the parameters of the operational sites influence on the flank flattering and at the 
same time, tightly depend on in-pit environment at deep mine horizons. 

The purpose of the paper is to calculate the minimal possible operational site parameters at deep mine ho- 
rizons in constrained operational environment ant substantiation their rational parameters by the state-of-art 


improved dump cars with electromechanical transmission. 


1 INTRODUCTION 


At the design stage, while working drawings are in 
process, the calculation of operational site parame- 
ters is foreseen. However, in case when the maxi- 
mum possible rock removal occurs on the upper 
level within the overburden bench in dependence on 
excavator pass width in order to assure maximal 
deposit’s opening, but for operational site, where the 
deposit excavation occurs, the calculation condi- 
tions are another. The opencast flanks are situated, 
generally, on deep horizons, where at least minimal 
possible parameters for open-pit operation must be 
kept. Therefore, the paper purpose is calculation of 
the minimal possible parameters of operational site 
at the deep horizons in constrained conditions and 
their parameters substantiation while the usage of 
modernized dump car BelAZ. 


2 PREVIOUS RESEARCH ANALYSIS 


In the paper (Rzevskyi 1985) defines the interval of 
possible operational site’s width as following: 


B+1.7R 2 Wy 2 B+B, (1) 


where B — width, m; Rs-— excavator cutting radius 
on the grade, m; B, — excavator width, m. 

While designing work (unlike the classic mean- 
ing) the minimal operational site width of the pit 
with ring transportation scheme defines by the 
formula, where the core parameters are transport 
possibilities: 
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B+ L.7R, 2Wy =a+ Dy +O,+6, (2) 


where a — the distance from the bottom flank to the 
road edge, a=2.5 m; Dy — diameter of the turning 
site,m; O,—width of the roadside verge, 
O, = 0.5 m; b— width of the bulk protections under 
the embankment, m. 

While calculation of the minimal width of the 
working area (road width) with dead-end reversal 
scheme (2) changes the basic design parameter by 
transport overall sizes: 


Wy =at+W,,+O,+6, (3) 


where Wy  — road width, m. 

The minimum dimensions of the operation site 
width determines in dependence on technical pa- 
rameters of the technological scheme and equipment 
(excavator — dump truck, excavator — train, excava- 
tor — conveyor). 


3. THE RESEARCH RESULTS 


Object of the research are drifts at different levels of 
iron ore excavation. Nowadays, for rock removal in 
pits of Kryvyi Rig dump cars are in exploitation. 
They are used both in mining operations and rock 
removal in constrained working environment in 
deep mine horizons. However, such working condi- 
tions lead to significant reduction of active deposits 
in open pit, slump of ready and prepared deposits, 
extremely closed operational space and lead to in- 
appropriate operational sites as well. 


The analysis of obtained data shows, that deposits 
excavation provides by parallel pushback in vertical 
and horizontal directions (step by step in all hori- 
zons’ direction from top to bottom). Soft overbur- 
den rock removal provides on the top flanks (hori- 
zons 115 —53 m), rock of raptured zones and over- 
burden rock on horizons 89 — minus 280 m, deposit 
mining — on horizons 41 — minus 280 m. 





Figure 1. Variations while passing maneuvers dump trenches. 


The trench work on the working flanks provides 
with excavator’s mechanical shovel with bottom 
dumping into dump cars. The usage of dump cars 
while trench work significantly improves the driv- 
age indexes. While dump cars usage the following 
transportation schemes could be applied: dead-end, 
double dead-end, dead-end with niches (Figure 1). 

In case of ring arrival scheme of dump trucks, the 
width of a bottom of a trench is determined by a 
formula: 


B,=2-(R,+0.5at+c), (4) 


where R, — the minimal turning radius a dump truck, 
m; c—a gap between a dump truck and a trench 
board, c = 1 — 3 m; a— width of a dump truck. 

At deadlock arrival scheme of dump trucks for: 


B, =R,+0.5a+0.5/ +c. (5) 
While application of two-deadlock arrival 

scheme: 

B,=R,+0.5a+0.5/4+ 2c. (6) 


For mining narrow trenches and blocks cutting a 
scheme with dump cars loading and turning within 
niches can be applied. Distance between niches cal- 
culates taking into account necessary traffic capaci- 
ty of a trench and usually accounts 50 — 60 m width. 

The trench width in this case determines by a 
formula: 


B, = R, +0.5a +0.51 +2c+m, (7) 


where m — niche depth, m. 

The ultimate trench excavation speed and blocks cut- 
ting reaches while deadlock dump trucks arriving 
scheme is applied. It is caused by the fact, that loading 
can be carried on with no stops or pauses. And the ul- 
timate mining speed can be reached when single dead- 
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lock arrival scheme is used. Average trench excavation 
speed blocks cutting amounts 150 -— 180 m/month 
while automobile transport using, that is 1.5 times more 
in comparison with railway transport. Excavators effi- 
ciency in this case increases up to 20 — 90% in com- 
parison with railway transport. 

The trenches excavation and cutting blocks for 
full section while bottom dump car loading has fol- 
lowing advantages: 

— rail-laying work absence; 

— time consumption reduction while rolling stock 
change operations; 

— possibility to cut off cycle time owing to exca- 
vator’s turning angle decrease while loading. 

At open-casts of Kryvbass the pit’s majority are 
situated in constrained conditions and therefore 
there is necessary to be guided by technical possibil- 
ities of the excavator (digging radius, radius of body 
rotation) and motor transport (car dimensions, dy- 
namical turning radius). 

Efficiency of the LHD equipment considerably 
depends on the applied driving schemes and dump 
cars location for loading which should provide: op- 
erational safety, maximum excavator usage, mini- 
mum time waste for maneuvering, loading and car 
cars’ change, maneuvering whenever possible of the 
empty cars, instead of the loaded, minimum width 
of a working platform. 

Due to the huge cars applicability variety and 
high maneuverability there is a large number of ve- 
hicle supply circuit. Depending on the excavator 
maneuvers while operations, the LHDs can run ei- 
ther in the same direction or in counter directions. 
Depending on LHDs maneuvers the following sup- 
ply circuits can be formed (Drizhenko 2011, Stand- 
ard for the organization of Ukraine Ministry of In- 
dustrial Policy 2008): 

— through, are used while one-way counter direc- 
tion passing driving scheme on a ledge; 

—ring scheme, can be used while oncoming and 
one-way passing traffic of LHDs and the excavator 
(Figure 1, a); 

— deadlock (pendular), are applied in the con- 
strained conditions (Figure 1, b); 

— combined (Drizhenko 2011). 

Scheme selection is determined by conditions of 
loading and movement of vehicles in his career, and 
the width of the working platform excavator stope, as 
well as the entrance way to vehicles for loading, 
which depends on the direction of motion-machines 
and excavator. Counter access safer and in most cases 
allows more efficient to set the machine for loading. 

Analysis of the passports of mining in the quarry 
showed that the minimum width of the working area 
when the annular turn (calculated by (2)) depends 
only on the radius constructive career dump that is 
displayed in the Table 1. 


At the dead end turn dump width of the working 
area (see Table 2) consists of the sum of two com- 
ponents: the width of the excavator and stope width 
of the carriageway. At the same time maneuvering 
of vehicles on the reversal is limited to the width of 
the excavator stope (see Figure 1, b). 


Stope width of the excavator in all sources of lit- 
erature (Rzhevskiy 1985) determined by the de- 
pendence of the radius of the excavator digging at 
the level of state. Re-calculated results stope width 
of the excavator according to the geological condi- 
tions of mining are summarized in Table 3. 


Table 1. Summary data mining passports at the ring reversal pit dump trucks (Drizhenko 2011). 


Stope ee The width DP | he 
; diameter Digging Radius minimum 
Type of Type of width of of the i , : 
. of the a radius at unloading, width of 
excavator dump truck excavation, carriageway, 
zs reversal = state, m m the working 
area, m area, m 
EKG - 5A BelAZ — 7512 17 32 18 9 12.6 41.5 
EKG -6.3 BelAZ — 7512 25 32 18 13.5 16.3 41.5 
EKG — 8 BelAZ — 7512 21.6 32 18 12 15.6 41.5 
EKG- 10 BelAZ — 7512 22 32 18 12.6 15.4 41.5 
Table 2. The minimum width of the working area at a dead end turn vehicles (Drizhenko 2011). 
OPE Fees oe ee Diggin ince 
Type of Type of width of economic of the 88mg : 
; of the a . . radius at width of the 
excavator dump truck excavation, highway, carriageway, f 
reversal state, m working 
m m m 
area, m area, m 
EKG-5 BelAZ — 548 17 12 18 12 12.6 23 
EKG-8 BelAZ — 549 22 15 22 16 16.3 2 
EKG — 10 BelAZ — 7512 22 15 25 18 15.6 30 
EKG- 10 BelAZ — 7512 25 15 25 18 15.4 30 
Table 3. The working area parameters (Drizhenko 2011). 
AO: . Digging radius at state, m 
Type of excavator DIEE INE Tacs at the bottom in the cramped 
at state, m normal stope D 
dead end conditions 
The calculation formula 2R, 1.5 — 1.7R, 0.5 — 1.0R, 
EKG-5 9.0 18.0 13.5- 15.3 4.5 -9.0 
EKG-5 E2 22.4 16.8 — 19.04 5.6 — 11.2 
EKG - 6.3 13.5 27.0 20.25 — 22.95 6.75 — 13.5 
EKG — 8 12.0 24.0 18.0 — 20.4 6.0 — 12.0 
EKG — 10 12.6 25,2 18.9 — 21.42 6.3 — 12.6 
EKG - 12.5 14.8 29.6 22.2 — 25.16 7.4—14.8 
EKG — 15 15.6 32 23.4 — 26.52 7.8 — 15.6 
EKG — 20 16.0 32.0 24.0 — 27.2 8.0 — 16.0 


The results obtained technological possibility of 
loading equipment graphically shows the histogram 
in Figure 2 from which seen the maximum and min- 
imum width of stope for different types of excavator. 

Taking into account the fact that dump truck ma- 
neuvering might be at a deadlock turn on the area of 
the excavator operation, we are providing the compar- 
ative analysis of the maneuvering scheme (Figure 1) 
with width of a working platform in various condi- 
tions. According to the technical characteristics of 
dump truck BELAZ — 7512 its working radius is 
15m, but constructive is 13 m. Therefore, in con- 


strained conditions of the narrow drifts he problem of 
maneuvering still loud issue, because of smaller work- 
ing radius of a dump truck. 

The maneuvering problem of trucks in operation- 
al areas is offered to be decided by means of ad- 
vanced design of dump trucks (BELAZ — 7512) that 
significantly improves its technical and operational 
indicators. Improvement of operational parameters 
of dump truck could be achieved by the usage of 
special mechanism of mass center and axle spacing 
variation (MMCV), which is depicted on the Fig- 
ure 3 (Krivda 2013). 
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Figure 2. Maximum and minimum width of the stope for 
different types of excavator: 1— working out at a dead- 
end; 2 -— ordinary stope; 3-— narrow stope in the con- 
strained conditions. 





Figure 3. Mechanism of mass center and axle spacing varia- 
tion: (a) MMCV on dump truck frame; (b) MMCYV structure; 
1 — the rear axle with in-built into wheel hub tractive motors; 
2-— sledges; 3 — bar; 4- trailing arm; 5-— bar; 6-— hydraulic 
cylinders; 7-— link; 8 -—rod; 9-—bushing; 10 -— sphere; 
11 — elastic dissipative unit; 12 — track control arm. 


MMCYV consists the main element based on a 
frame — sledges and trailing arms. Sledges allows 
the longitudinal positioning of a wheel axle with the 
elastic elements fixed on it, and trailing arms facili- 
tates the torque transmission. 
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While haulage the mechanical system synchro- 
nizes by 3 hydraulic cylinders which allow to 
change axle spacing of the dump truck. 

While usage MMCV system in various BELAZ 
truck models (Krivda 2013) the turning radius can 
be reduced up to 10 m that significantly influences 
on the operational areas width. For the purpose of 
Kryvbass mines several research have been provid- 
ed. The provided research concern the usage of im- 
proved dump trucks with MMCYV system in the con- 
text of operational areas size definition while two 
maneuvering schemes (Figure 4). 
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Figure 4. Mine operation according to design calculations 
and with application of the advanced of dump truck design 
while usual maneuvering scheme ( ) and with MMCV 
system (- - - - - ): R,— digging radius; R4 — normal turning 
radius dump; Rg — turn radius of the dump with MMCV. 





4 CONCLUSIONS 


In the calculating the minimum width of the working 
area when the circular turn dump truck basic parame- 
ters is constructive turning radius, at a dead end turn — 
machine overall dimensions, and in the constrained 
conditions — turning radius dump truck. In the calcula- 
tion of technological schemes of extraction and trans- 
portation of rocks by changing the distance between 
the centers (the base dump truck) decreases the width 


of jobsite during shunting ring configuration on 6 m, 
and a dead-end — 3 m, which 1s displayed on the width 
of the jobsite. 

Thus, we can conclude that the passage of the 
trenches, split blocks and quarrying in the con- 
strained conditions in the application of a dead-end 
or ring turn dump truck the minimum width of the 
working platform can be reduced through the use of 
advanced designs such as pit dump trucks BelAZ 
with MMCV. 

Implementation of a complex research to rational- 
ize career in space has shown that when the distance 
between the centers (the base dump truck) dump 
truck base turning radius is reduced by 23.1%, to 
reduce the width of the working platform in the con- 
strained conditions at the dead end turn to 7% and 
17% the circular. 
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Determination of parameters effecting firedamp ignition 
while methane-saturated rock mass fragmentating 


V. Golinko, A. Yavorskyi & Ya. Lebedev 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: Results of research to improve mining safety in the process of methane-saturated rock mass 
fragmentation by end organs of winning equipment are demonstrated. Dependences to determine volume of 
heat accumulated and given-up by frictional thermal particle for time evaluation of the flammable mixture 
warmth providing consideration of methane-air medium induction properties are obtained. 


| THE PROBLEM DEFINITION 


As a tule, rock fragmentation by cutter-loaders is 
connected with spark formation. In the context of 
gas-saturated rock mass it may exercise a significant 
influence on mining safety. 

Due to accumulating heat in the process of rock 
mass fragmentation by winning equipment cutters, 
increase in contact temperature takes place; its value is 
determined by operating parameters of a cutter-loader 
end organ (cutting velocity V,, cutting force Z etc.). 

Increase in velocity V, factors into contact tem- 
perature increase, and spark formation begins. A 
process of friction sparks formation both while im- 
pacting and rock fractioning depends on transfor- 
mation of some part of kinetic energy of mechanical 
interaction into heat energy with subsequent exo- 
thermic oxidizing and particle heating. 

Sparks are fragments of hot rock grains and metal 
particles which temperature is 500 — 700°C. Follow- 
ing increase in V, factors into spark temperature 
reaching 700-—1400°C; spark flow increases too 
(Shevtsov 2002). 

Intensity of spark formation depends on proper- 
ties of rocks being components of a mass under 
fragmentation. 


2 TOPICALITY 


Analysis of methane and coal dust ignitions and 
explosions happened in stopes and development 
workings (Shevtsov 2002) means that application of 
cutter-loaders and preparatory shearers is actually 
accompanied with danger of frictional sparkling as a 
result of rock mass fragmentation. Thus, on the 8” 
of February, 1985 an explosion took place in “Kara- 
gailinskaia” mine (“Kiselevskugol” production as- 
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sociation) when cutter-loader operated in mine 
workings. Methane explosion was a result of fric- 
tional sparking in the process of cutters friction on 
solid inclusions in coal seam. Methane ignition 
passed into coal-dust explosion. 630m of mine 
workings were ruined. 

One of the largest methane explosions happed on 
the 2™ of December, 1997 in “Zarianovskaia” mine 
(Kuzbass), where 67 people died. Methane ignition 
happened in a stope when cutter-loader operated, 
that is due to frictional sparking. 

Similar accidents take place in Ukrainian mines 
as well. In 2009 a fire happened in 1021 longwall of 
“Zapadno-Donbasskaia” mine (“DTEK Pav- 
logradugol” Public Open Joint-stock Company). 
Expert commission concluded that the fire source 
was frictional sparking resulted from screw cutter 
friction on pyrite inclusion in a coal seam. In 2011 a 
fire happened in 158 longwall of “Stepnaia” mine 
(“DTEK Pavlogradugol’” Public Open Joint-stock 
Company). The fire source is frictional sparking re- 
sulted from interaction of damaged cutter of cutter- 
loader end organ with pyrite inclusions in coal seam. 

Frictional sparking ranks second among all possi- 
ble ignition sources in coal mines (Shevtsov 2002). 
Two thirds of all ignitions in stopes of coal mines 
resulted from frictional sparking. Moreover, 55% of 
them were caused by friction of cutters on pyrite 
being inclusion in coal seams; 15% were sandstone 
cutting. Several ignitions resulted from steel instru- 
ment impact on hard shale rock. It is also known 
methane explosion due to frictional sparking of 
cutters on limestone; that is, origination of such a 
thermal source as frictional sparking depends heavi- 
ly on rock mineralogy. 

As for the coal fields of CIS, the number of coal 
seams with enclosing roof and floor capable of gen- 
erating explosive sparking under the conditions of 


friction, is almost 19%; moreover, sandstones are 
38% of all enclosing rocks (Shevtsov 2002). As a 
rule, coal seams have pyrite inclusions in the form 
of lenses and snake-stones of various dimensions as 
well as other solid inclusions which distribution in a 
seam is of random nature. 

Up to now, mechanism of explosive mixture igni- 
tion by means of frictional spark formation stays to 
be poorly studied. However, it is known that both 
intensity and igniting ability of frictional sparks 
depend on friction mode and impact of two bodies; 
physical and mechanical, and physicochemical 
properties of contact surfaces, and a number of other 
factors. It means that mechanism of mixture ignition 
by such sparks depends on their nature. 


3. RESEARCH ANALYSIS 


Not all frictional sparks are able to ignite dust- 
methane-air mixture. At one time, any sparks result- 
ing from friction or a cutter impact on quartziferous 
sandstone were considered as the key source of 
combustion initiation (Tkachuk et al. 2000). How- 
ever, Blickenderfer, Bergess and Willer determined 
in laboratory environment that it was very difficult 
problem to ignite methane-air mixture with the help 
of such sparking; as a rule, single sparks can not 
have sufficient combination of duration, tempera- 
ture, and surface area for ignition. Single sparks are 
quite enough for such gases as hydrogen, having 
low ignition temperature, to be ignited. But methane 
has a feature of ignition delay if thermal source is 
available; for this reason, dust-methane-air mixture 
may be ignited by frictional sparks under certain 
conditions only (Shevtsov 2002), when thermal 
energy and activity of sparks are sufficient to ignite 
explosive mixture of methane or dust with air (Fal- 
shtynsky1 2012). Such conditions are provided when 
cutters are frictioned on quartz, sandstone, granite or 
other coarse hard rocks (f= 10 — 12), when hot fine 
metal particles in the form of 8— 10mm brilliant 
white trace which flames during 5 ms with 1200 — 
1250°C stay on friction surface being a source of 
methane-air mixture ignition. Sparks resulting from 
friction of cutters on quartz and coarse sandstone 
(which hardness is f= 10 — 12 according to a scale 
by professor M.M. Protodiakonov) have the highest 
igniting capability. Friction of cutters on fine sand- 
stone factors into initiation of much fine dust 
phlegmatizing explosive environment. As a result, 
no ignition takes place (research shows that if f< 6, 
then methane ignition is impossible, and if f= 8 — 9, 
then ignition probability is 0.16). 

Besides, it 1s specified (Shevtsov 2002) that me- 
thane ignition happens in the process of new cutter 
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friction; that is when button insert is worn, and steel 
holder is not in contact with rock yet. Furthermore, 
owing to durability, fractioning and impacting result 
in availability of brilliant white trace at the rock 
surface; the trace temperature is close to the alloy 
melting point (1300 — 1350°C). Hard alloy wear 
results in steel holder friction; then, high- 
temperature trace vanishes, and conditions to cool it 
down up to the temperature, which cannot ignite 
methane, are improved. 

When cutters are frictioned on pyrite, a cloud of 
sulphide dust, ignited as a result of frictional spark- 
ing, is a source of dust-gas mixture ignition when a 
cutter trace is no less than 10 cm (Tkachuk et al. 
2000, Lozynskyi et al. 2015). According to the data 
of high-speed photography, firing time for 15 — 
20 dm’ pyritic cloud is 200 — 300 ms. Hence, in the 
context of relatively low value of minimum ignition 
point for pyrite aerosuspension (350 — 400°C), ac- 
cording to duration, heated surface, and firing tem- 
perature (over 1000°C), pyrite cloud ignition may 
be considered as a secondary source with more 
powerful action than frictional sparking itself. 

Dispersivity of frictional particles scattering with- 
in the environment with dust-gas mixture, their 
amount and energy parameters are determined with 
the help of rate of load application and its value as 
well as physical and mechanical properties of mate- 
rials, reacting bodies, and surface coatings. 

Thermal mass, accumulated by sparks, and time of 
the heat maintaining during induction period for me- 
thane are basic parameters, affecting the capability of 
frictional sparks to ignite methane-air mixture formed 
as a result of gas-saturated rock mass fragmentation. 


4 THE MAIN PART 


To determine igniting capability of frictional sparks 
for assessing their hazard within analyzable com- 
bustible medium, consider thermal processes, taking 
place when single heated frictional particle moves 
within methane-air environment. 

According to Newton-Richmann law, thermal 
flux density q; from the surface of heated frictional 
particle, moving toward environment, is proportion- 
al to temperature difference of frictional particle ty 
and methane-air environment tnae; that is (Reznikov 
& Reznikov 1990): 


qr = Alt- tnae) Wim’, (1) 


where a—heat-transfer factor, W/(m*-°C); tr— the 
frictional particle temperature, °C; tmae— the me- 
thane-air environment temperature, °C. 

Temperature of frictional particles t, cut by cut- 
ters of end organs of cutter-loaders, may reach 
1400°C (Tkachuk et al. 2000). 


Formula (1) makes it possible to identify quantity 
of heat q; conducting from surface unit to environ- 
ment in unit time. According to Fouriers law (Rez- 
nikov & Reznikov 1990), following flux is conduct- 
ed away from the frictional particle surface: 


A dt, =-À 3 (2) 
= — ra = — = 
q f mae& f mae Ja 
where n — a normal to isothermal surface. 
Hence, 
Ot 
A\t,—t Sl Ge 
( f m mae ae 
ot a 
f 
—_— = —-— |f, -t ; 3 
on A ( f nae (3) 


mae 


Expression (3) is mathematical formulation of 
boundary conditions of type three. 

To determine waste of the heat energy Q for mov- 
ing particle during zt, based on (1), we obtain: 


Q=alta -tnae ST], (4) 


where t — initial temperature of frictional particle, °C; 
S'— surface area of heated particle, m; 

A process of accumulated heat transfer by fric- 
tional particle to methane-air environment in the 
context of forced convection is characterized by 
criterion equation (Kulinchenko 1990): 


Nu =2+0,03 Pr°? Re™t+0,35 Pr’?! Re, (5) 


where N,,— Nusselt criterion; P,— Prandtl number; 
R.— Reynolds criterion. 
Reynolds criterion R, characterizes a motion of heat- 
ed frictional particle in methane-air medium of a stope 
being determined by (Reznikov & Reznikov 1990): 
Re= Vile , (6) 
V 


mae 


where v,— velocity of heated frictional particle as 
for methane-air medium, m/s; d,,— typical size 
(equivalent diameter of the particle), m; v,,,¢— Kin- 
ematic viscosity of methane-air medium, m/s. 

As for methane-air medium, velocity of heated 
frictional particle depends on cutting velocity being 
within 0.5 to 1.5 m/s (Khoreshok et al. 2012). 

Frictional particles are hollow steel spheres which 
maximum diameter is about 0.8 mm, various-size 
chips, and sandstone cuttings which dimensions are 
several microns up to 2—3 mm. It is supposed in 
this context that mixture ignition depends on igni- 
tion within a point of impact and hot steel particles 
(Tkachuk et al. 2000). 


333 


Prandtl number characterizes capability of heat to 
emit within the environment. It is determined by the 
formula: 


V 





ia. (7) 
X 
where y — temperature conductivity coefficient, 
A 
ya (8) 
P Cp 


where 4, p, Cp — thermal conductivity, density, and 
specific heat of methane-air environment. 

A value of thermal conductivity coefficient @ re- 
lated to a surface of heated frictional particle can be 
determined using dimensionless group called 
Nusselt criterion (Reznikov & Reznikov 1990, Isa- 
chenko et al. 1965): 


Nu = ——. (9) 


According to equation (8), heat transfer coeffi- 
cient is: 
Nua 


=e 10 
a (10) 


eq 


Substituting formula (10) for expression (4), and 
taking into account (5), (6) and (7), we obtain fol- 
lowing expression: 


0.33 na 0.54 
Q= oa ae =) + 


Uy Vmae 
0.36 0.58 
vd 
+0.39 e| |a Înae (t —ty,,\S (11) 
Ur V mae dog 


After simple transformations, the expression will be: 


T, 0.21 vd 0.22 
o- zoon (2 a) rossa a) s 
V V 


mae mae 


A 

pg ae phe NS, (12) 
eg 

Without loss of accuracy, expression (12) may be 


assumed as: 


mae 


0.215 
vd 
= 0.345| “f” eq 
Q=|2+0.38d%; zé x 


A 
x eee E . 
eq 


(13) 


Average particle temperature in equation (13) is: 


lg + binge 
2 
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hence, 


0.215 
z 0.345 Ur deq 
O =| 2+0.38d,, wee x 


mae 


x Ama tf +t Emae 
d 2 


eq 


= ow Tp Or 


mae 


0.215 
Z 0.345 V/deg 
O=|2+0.38d,, as x 


A t S A ide 
x mae ( fs ) ST ¢ 
d 2 


eq 


(14) 


Thermal energy, accumulated by moving friction- 
al particle, may be shown as: 


BaMe yt, ki, (15) 


where c,¢—specific heat of frictional particle, 
kJ/(kg:°C) (Kuzmichev 1989); c,¢= 0.460 kJ/(kg:°C) 
for steel; / — a frictional particle mass, kg. 


a 

M = Vps = Ee Pr ’ 

where V—a frictional particle volume, m°; pr-a 

frictional particle density, kg/m’; pr= 7800 kg/m’. 
Substituting (16) for (15), we obtain: 





(16) 


md? 
Lea 
dr er (17) 
To determine ty time, required for frictional part to 
lose accumulated thermal power, equate expressions 
(14) and (17) to solve the equation related to time of 
particle t cooling down up to fae temperature: 


4 


Tr = 
mae 


V d 0.215 
nt: zose 2 


mae 


Igniting capability of frictional sparks depends on 
amount of heat accumulated in them. 

It is practically impossible to ignite methane-air 
mixture with the help of single frictional sparks as 
amount of heat given up to methane-air environment 
is not sufficient. Besides, methane has delayed igni- 
tion; that is, in addition to certain heat amount for 
methane-air mixture ignition it is required to control 
the heat during induction period. However, if there 
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are favourable conditions for a cloud of fine red-hot 
metal particles and rock formation, then, ignition of 
explosive methane-air mixture with standard oxygen 
content is quite real thing (Tkachuk et al. 2000). 
Methane-air mixture igniting with the help of a 
cloud of frictional sparks is possible if total amount 
of heat, given up to methane-air environment, meets 
the requirements of combustible mixture ignition. 


v-d 0.215 
7 . f”e 
0; = 2 aad 2a x 


Anae (ti lna 


d 2 


eq 


Sosy (19) 


Expression (19) can be used to evaluate ignition 
hazard of methane-air environment. In this case, 
following ratio may be assumed as safety criterion 


Kor: 





z Q f.cl. 
uf = . 
sa Oven 


The less K,,7 1s, the less is the fair of methane-air 
environment ignition. If K,,¢= 1, then methane-air 
environment is critical; if K,4,> 1, then it is risky; 
and if K,ar< 1, then it is non-hazardous. 


K (20) 


5 CONCLUSIONS 


The temperature of frictional particles formed while 
end organ of cutter-loader interacting with gas- 
saturated rock mass is much higher than the temper- 
ature of methane-air mixture ignition. In this con- 
text, amount heat given up by frictional particle to 
methane-air environment is not enough to ignite 
combustible mixture as it is required to control the 
heat during induction period. 

Methane-air mixture ignition is possible when a 
cloud of frictional sparks is formed providing that 
total amount of heat, given up to methane-air envi- 
ronment, meets the requirements of combustible 
mixture igniting. 

To evaluate effect of frictional sparking on me- 
thane-air mixture ignition in the process of gas- 
saturated rock mass fragmentation, a safety criterion 
of methane-air environment is proposed. The crite- 
rion makes it possible to identify a hazardous level 
while gas-saturated rock mass fragmentizing by 
means of a cutter-loader end organ cutter. 
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The rise in efficiency of solid fuel thermal processing under 
nonstationary regimes of air delivery into fluidized bed 


I. Dyakun 


M.S. Poliakov Institute of Geotechnical Mechanics under the 
National Academy of Sciences of Ukraine, Dnipropetrovsk, Ukraine 


ABSTRACT: The problems of enhancement of fluidized bed technology by organization of pulsing air (gas) 
delivery into the bed are considered. The model and calculation procedure of rational parameters of pulsing 
flow as well as coal particle movement and combustion in fluidized bed are examined in the paper. The in- 
vestigations of regularities of influence of amplitude-frequency characteristics of pulsing air discharge on 
completeness of combustion of coal particles in the bed are carried out. Rational parameters air flow pulsa- 
tions are determined that enhance the combustion rate the solid fuel in a pulsating fluidized bed in compari- 
son with the stationary to 50%.The configurations of techniques (pulsators) realizing delivery of pulsing air 
into fluidized bed and ensuring air flow oscillation shape and pulse ratio control are elaborated. 


1 INTRODUCTION 


The intensification of technological processes is one 
of important tasks of science and technology. The 
basis of increasing of the equipment productivity and 
reducing of the energy consumption for carrying out 
of processes is the creation and the implementation 
of effective technological devices with low energy 
intensity and materials capacity, high degree of in- 
fluence on the substance that is processed. 

Issues of the intensification are especially topical 
for the heat-mass-exchange processes, particularly for 
the thermal processing of the solid fuel. The aging of 
the mines in the country, the deterioration of the coal 
mining equipment, the use of imperfect production 
technologies, the complication of mining and geolog- 
ical production conditions with the transition to the 
deep horizons, all these factors have led to a signifi- 
cant worsening of the quality of the produced solid 
fuel. This situation worsens because of an inadequate 
technology excellence and an unpreparedness of 
power generating units of the main consumers of the 
solid fuel (power plants, industrial and mining boiler 
stations, coking plants) to work on the fuel which 
quality is much worse than it was calculated. In this 
regard using of “clean” coal technologies becomes 
more actual. One of such technologies is a method of 
the thermal processing of the solid fuel in the fluid- 
ized bed (Korchevoy & Maystrenko 2004). Accord- 
ing to the solid fuel the method provides to process 
efficiently and environmentally friendly the fuel of 
different quality for example low-grade coal and 
wastes of coal preparation. The technology is also 
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good because of the possibility of the creating of the 
compact fuel-burning equipment and the automation 
of the burning process. However despite of the signif- 
icant advantages of these plants they are not universal 
and have a number of significant drawbacks. In par- 
ticular during the processing serious difficulties arise 
generally because of the aerodynamic instability of 
the fluidized bed that is shown up in the formation of 
canals, the bedding of a part of the processed fuel on 
the grate etc. A complicating factor is often a consid- 
erable loss of small fuel particles from the bed. 

The possibilities of the increasing of the efficiency 
of the thermal processing of the solid fuel in the flu- 
idized bed are directly connected with the applica- 
tion of its variations particularly of the pulsating bed. 

Using of the active non-stationary modes during 
the thermal processing of the solid fuel significantly 
intensifies the process (Bokun 2011) because it al- 
lows to increase the contact surface between the 
particles of the material and the fluidizing agent that 
influences the burning completeness of the fuel par- 
ticles and also it allows to reduce unit costs of the 
thermal energy. In addition it was shown by a num- 
ber of researchers (Gichev & Adamenko 2008, Na- 
korchevskiy 2000) that the imposition of the pulsat- 
ing effects of the fluidizing agent on the processed 
material contributes to the stabilization of the aero- 
dynamics of the bed, prevent the formation of large 
gas bubbles and loop-through canals in the bed and 
the formation of stagnant zones while maintaining 
the mobility of the particles in the bed and a consid- 
erable reduction of the carryover of small fractions 
of the material from the apparatus. 


Thus the pulsating bed that has all the advantages 
of the fluidized bed allows to stabilize the aerody- 
namics, to improve the mixing of the material that is 
processing and to reduce its loss. 


2 RESULTS OF RESEARCH 


For calculating and designing of the technological 
devices it is important to know the laws of the im- 
pact of the carrier phase fluctuations to the intensity 
of the heat-mass-exchange processes. However a lot 
of issues both theoretical and practical that are con- 
nected with the pulsation process investigation in 
the literature are either insufficiently elucidated or 
characterized by a lack of scientific and methodo- 
logical foundations. 

In addition to the above the object of the study is 
to investigate the possibility of applying the pul- 
sating bed technology for improving the process of 
the thermal processing of the solid fuel in the flu- 
idized bed. 

The issues of the burning speed and the burn-up 
time are of great theoretical and practical interest. 
Their solution provides discovering of the main fea- 
tures of the process and thus makes possible to 
manage it identifying ways of its intensification and 
creating the method of engineering calculation. 

For using the pulsating modes that are the power- 
ful intensifier for various thermal processes the in- 
teraction of the fuel particle with the pulsating gas 
flow should be an important factor. 

An estimation of the trajectory and the speed of 
the particle motion is needed for the calculating of 
the fuel particles burn-out, the aerodynamic opti- 
mization of the combustion chamber for reducing 
the removal of unburned particles, for the calcula- 
tion of the separation of fuel particles and their 
transportation and for the resolving of other prac- 
tical tasks of the modern combustion technology. 
Another important task is to determine the relative 
velocity of the particles in the flow because it de- 
termines the intensity of the heat-mass exchange 
of particles in the flow and therefore the speed of 
the burn-out. 

Let us look the mathematical model of the coal 
particle burning with the pulsating supply of the flu- 
idizing agent (gas, air) in details. In this case for the 
description of the flow course it is used so-called 
“single-particle” approach. Dynamic characteristics 
that are the trajectories, the traverse speed of the 
particles are made from the analysis of the flow 
power status and are described by the system of 
equations (Dyakun 2014): 
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where 0= d/dp — particle relative diameter; dp — par- 
ticle starting diameter; u— particle traverse speed; 
x — particle coordinate; ¢ — time; V — gas suspension 
variable speed, that describes the impulse form; 
T — particle burning time without slipping: 
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where D — coefficient of oxygen and air diffusion 
to the surface of the burning coal particle; 
Co, C — concentration of oxygen in the flow and on 
the surface of the particle accordingly; B =12/32 — 
ratio of molecular weight of carbon and oxygen; 
Pe» Pp — density of gas and solid particles, accord- 
ingly; 4 — viscosity of the gas suspension; Vv, — kin- 
ematic viscosity of the gas. 

The particle size is reduced during the burning 
process that leads to the reduction of the slip 
speed. However the power of the viscosity in- 
creases the slip speed. Therefore the effectiveness 
of the slip can be estimated by the calculating of a 
total time of the burning of the particle of the re- 
ducing size in the gas suspension pulsating flow 
that consists of the fluidizing agent (air) and the 
metric slug. 

As a parameter that characterizes the influence of 
the pulsations to the particle burning speed with var- 
iable parameters of the pulsating flow relative to the 
constant flow should be used the relative decrease 
of the burning time: 

Pi e 8s i (5) 
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where ¢,— particle burn-up time in the pulsating flow; 
tgo — particle burn-up time in the constant flow. 

It is obvious that the bigger the value of 0 is the 
more effective the appropriate parameters of the 
pulsating flow can be regarded. 


The system of equations (1 — 3) can be solved by 
the Runge-Kutta method with the initial conditions 
O=1,u=0,x=0 with ¢t=0. 

The pulsating speed of the fluidizing agent is de- 
termined by the following dependence: 
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where Veonst = Vin' 20% — the constant component of the 
well-balanced dependence, m/s; V,,, — an average gas 
speed, m/s; Vz = (Vin'— Veons)'7/2°w — the amplitude of 
the well-balanced dependence that is determined by the 
equality of the consumption of the constant and the 
pulsating flow, m/s; w, T —the off-duty ratio (the pro- 
portion of time the impulse of air flow in the period 
pulsation) and the flow period accordingly. 

The object of the investigation was the determina- 
tion of the influence of such main parameters of the 
pulsating flow as the off-duty ratio wand the period 
T on the reduction of the coal particle burn-up time 
in comparison with the constant gas suspension flow 
with the equal combustion during the period. 

While calculating the values of the parameters fol- 
lowing values were used: for the coal particle — start- 
ing diameter dy = 2.5 mm; density p, = 1.5-10° kg/m’; 
for the metric slug particles — diameter d; = 0.3 mm; 
density Øm =2-10°kg/m’; for the fluidizing agent 
(gas) — density and viscosity are determined with the 
help of the table for dry air with the temperature 
T,= 900°C, ,= 0.301 kg/m’; 4,=46.7-10° P-s; an 
average consumed gas speed; V,, =5 m/s; for the pa- 
rameters of the pulsating flow — the period of pulsa- 
tions T= 0.5 s; 1 s; 2 s; 4 s; the off-duty ratio w= 0.1; 
0.25; 0.5; 1.0; the particle burn-up time in the flow of 
the constant speed (w= 1) is 5.435 s. 

Figure | shows the results of the task. 

As shown in Figure 1, at first the solid particle 
begins to rise gradually relative to the point of its 
entry into the flow but after some interval the parti- 
cle mass is reduced so much that the viscous forces 
become much higher than the force of the gravity 
and the particle coordinate begins to increase sharp- 
ly. The same happens with the amplitude of the 
fluctuation of the particle speed. 

Furthermore it was investigated the influence of 
parameters of the gas suspension and the forms of 
the air pulsation speed on the increasing of the time 
when the coal particle is in the bed as compared 
with the constant flow of the gas suspension during 
the equal period: with the superposition of the poly- 
frequency component (Figure 2) and in the mode of 
the reverse-pulsating air supply (Figure 3). 
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Figure 1. Parameters of the process of the coal particle burn- 
ing with T= 1 s, y= 0.5: 1 — particle diameter; 2 — particle 
speed; 3 — particle track. 
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Figure 2. Parametres of the process in the poly-frequency 
pulsating flow: 1 — particle diameter; 2 — particle speed; 
3 — fluidizing agent (gas, air) speed. 
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Figure 3. Parametres of the process: (a) particle speed; 
(b) particle track; 1, 2 — with the reverse-pulsating air supply 
into the bed; 3, 4— with the constant air supply into the bed. 


Analysis of the results of the research of the model 
with pulsating movement of the fluidized bed showed 
that the rational parameters of pulsations are the period 
T = 2-10 seconds, and the off-duty ratio y= 0.2 — 0.4. 


The investigations allowed specialists of IGTM 
NAS of Ukraine to develop the pulsators construc- 
tions of the following types: the pulsator with the 
trilobite impeller (Bulat et al. 2003), the pulsator 
with additional impellers (Bulat et al. 2004), the tri- 
lobite pulsator with six identical holes on the body 
(Bulat et al. 2005) the pulsator with a slotted rotor 
(Bulat et al. 2005), the disc pulsator (Bulat et al. 
2005) that implement the various impulse forms 
shown on Figure 4. 
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Figure 4. The pulsations the air flow output device (a) the pul- 
sator with the trilobite impeller, patent UA 57662A; 
(b) the pulsator with additional impellers, patentUA 66646A; 
(c) the trilobite pulsator with six identical holes on the body, 
patent UA 4290; (d) the pulsator with a slotted rotor, pa- 
tent UA 4855; (e) the disc pulsator, patentUA 7783. 
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Pulsators constructions that were developed provide 
the form of airflow fluctuations and the off-duty ratio 
of the flow, i.e. the relation of the duration of one 
pulse to the duration of one period of the pulsation 
within 0.2 —0.5, and a possible air flow speed going 
through the pulsator that can be 10 — 12 m/s. 


3 CONCLUSIONS 


1. On the basis of the analysis of the results of the 
model of pulsating fluidized bed research it is 
shown that the rational parameters of pulsations are 
the period T =2-— 10 seconds, and the pulse off- 
duty ratio w= 0.2 — 0.4. Also it is shown that in the 
whole range of investigated parameters of the gas 
suspension bed the pulsation influence intensifies 
the processes of thermal processing of the solid fuel 
in the fluidized bed till 50%. 

2. Using of the pulsed mode with the rational am- 
plitude and the frequency characteristics of pulsat- 
ing air supply ensures the increasing of the efficien- 
cy of the thermal processing of the solid fuel in the 
furnace with the fluidized bed by the completeness 
of coal particles burning-out in the bed and reducing 
of the mechanical underburning. 

3. For the first time the pulsators constructions of 
the following types were developed: the pulsator 
with the trilobite impeller, the pulsator with addi- 
tional impellers, the trilobite pulsator with six iden- 
tical holes on the body, the pulsator with a slotted 
rotor, the disc pulsator that providing the regulation 
of the form airflow fluctuations and the off-duty ra- 
tio of the flow within 0.2 — 0.5. 
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Electrothermal stimulation of chemical reactions 
in mixture of calcite and silicon powders 


V. Soboliev & N. Bilan 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: The results of experimental investigation of phase transformation in ground to powder calcite 
with silicon additives during simultaneous heating and passing a low-amperage electrical current are given. 
Observed phenomenon of the abrupt increase of electrical conductivity in CaCO; + Si-specimens is condi- 
tioned by spontaneous forming of carbon phase — graphite, which has mainly electron type of conductivity. 
Treatment (heating and passing current through mechanically activated specimens of CaCO; + Si and 
CaCO; + quartz) decreases significantly the temperature of phase transformation, initiates formation of solid 
conducting phase of carbon. It is suggested that these processes are characteristic for rocks in the period of 
tectonic activity. Received data can be useful when interpreting the way of graphite forming in nature, physi- 
cal and chemical formation conditions of its deposits and the formation of diamonds in graphite schists. 


1 INTRODUCTION 


Phase transformations in calcite specimens under 
the integrated action of temperature and the electric 
field are an important source of additional infor- 
mation about the role of mechanical effect in activa- 
tion of physicochemical processes in rocks. Besides 
phase transformations are the object under the study 
of ways of formation of elemental carbon, neces- 
sary, for example, to form diamond, other carbon 
phases and their deposits. One of regularities of lo- 
cation of deposits is their association with the most 
deformed fault zones. It is estimated that during ac- 
tivation deep fault releases energy more than 
10° J/year per kilometer of its length. The main frac- 
tion of this energy is transformed into the energy of 
rock deformation and movement of blocks along the 
faults, and another one goes into heat and electric 
energy. In such areas electric fields with the intensi- 
ty of about 20 V/cm are arisen, herein the ionic con- 
ductivity was detected even when the field intensity 
is about | V/cm (Khairetdinov 1980). The electrical 
energy generated during deformations changes va- 
lence states of elements, helps break bonds in min- 
erals (Nyussik & Komov 1981), activates chemical 
processes, stimulates the phase transformations and 
forming of new minerals, etc. 

It is known that by ordinary heating in a closed 
system calcite (which can be represented as the de- 
rivative of sodium chloride) Ca” [CO] decom- 
poses to CaO and CO,, i.e. all oxygen of the anionic 
complex [CO;]* is used completely for oxidation of 
calcium and carbon. It is obvious that deviation 
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from zero of oxygen balance to a negative value 
(lack of oxygen) should lead to the formation of free 
carbon. One of the minerals that can select a portion 
of oxygen during the decomposition of calcite may 
be silicon, which reacts easily with oxygen at a 
temperature above 800 K. 

One method to induce phase transformation in si- 
derite is simultaneous heating and the effect of weak 
electric current, wherein transitions occur at lower 
temperatures than by heating only (Sobolev et al. 
1998). That work of reference presents the results of 
experimental studies of the phenomenon of the ab- 
rupt increase in electrical conductivity of siderite 
and its derivatives, due to the spontaneous for- 
mation of electrically conductive solids upon reach- 
ing a certain critical temperature — the temperature 
jump. It is assumed that graphite (phase with pre- 
dominantly electronic conductivity) can be formed 
in the dissociation products of calcite. 

The purpose of the research is to study the charac- 
ter changes in electrical resistance of mixture of 
powder CaCO; + Si by heating and simultaneous 
passing of electric current, as well as to study the 
way of forming of new mineral phases. 


2 MATERIALS AND METHODS 


Crystals of pure Iceland spar and synthetic silicon 
were used for studies. These substances were 
ground separately in a mortar to fractions with an 
average size of about 20 microns. The obtained 
powders of CaCO; and Si were mixed in weight ra- 


tio (%) 55:45, 70:30 and 85:15. Specimens were 
shaped from the powder mixture directly in a ce- 
ramic container by pressing under a pressure of 
4:10° Pa (Figure 1). The weight of specimens de- 
pending on the ratio of components was 1.41, 1.43 
and 1.47 g respectively, a volume was 0.6 cm®. The 
porosity of specimens did not exceed 10-12%. 
Glue “Avtostik” (silicate with kaolin filler) was ap- 
plied on the ends of container and the hollow elec- 
trodes in order to hermetic sealing the specimen 
during thermal treatment. Surfaces coated by glue 
were joined and dried for an hour at 350 K until the 
action of high temperatures. 
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Figure 1. The lay-out diagram of the ground specimen 
CaCO;+ Si in the experimental device: 1—a specimen; 
2—a ceramic container with an effective volume of 0.95 cm’; 
3 —a hollow steel electrode; 4 —a sealing ring; 5 —a steel ring; 
6— athermocouple; 7— an electrical furnace. 


Treatment of specimens was carried out in a de- 
vice with an electrical furnace, described in detail in 
(Sobolev et al. 1998). Heating of the specimens was 
operated up to 1000K at an average rate of 
14 K/min; electric field intensity was 250 V/cm, the 
maximum intensity of pass current — 0.3 A. The 
value of the potentials difference and the electric 
current was supplied by source of power B5-50. The 
values of electrical resistance in the process of spec- 
imens heating were recorded continuously using a 
universal voltmeter B7-46/1. 


3 RESULTS AND DISCUSSIONS 


Paramagnetic centers (PMC) are formed as a result of 
silicon destruction. They are reliably recorded by the 
EPR (electron paramagnetic resonance) method. Ex- 
perience has shown that not all valence-unsaturated 
atoms are registered, but only part of them preserved 
after stabilization of the surface. Apparently, the va- 
lence-unsaturated atoms of silicon surface are centers 
of irreversible absorption of atmospheric oxygen. We 
recorded the value of surface concentration of centers — 
2-10" m” (the number of atoms on the silicon surface 
is about 10'° m^, i.e., ~20% of the surface atoms. In 


344 


chemical reactions radical =S7° acts as a reducing cen- 
ter. Atoms with two broken bonds (silylene centers 
= Si:) react actively with different molecules. 

The results of electron microscopic studies show 
that the diameter of the silicon active center formed 
at the end of dislocation averages about 3:10° m, 
and the active surface area around the dislocation is 
~7-10 "° m”. Given these parameters, the calculated 
value of the total active surface of silicon particles is 
0.6, 0.4 and 0.2 m’/cm’ at the weight content of sili- 
con in the specimen 45, 30 and 15% respectively. It 
is assumed that heating and simultaneous passing of 
electric current through the specimen of silicon with 
additives of calcite stimulates phase transitions lead- 
ing to graphite formation. 

The experimental dependence of the electrical re- 
sistance of CaCO; and mixtures of CaCO; + Si on 
the heating temperature at a constant value of the 
electric field is shown in Figure 2. Parameters of the 
electrothermal treatment of the crystal of Iceland 
spar are electric field intensity of 250 V/cm and the 
maximum heating temperature of 1220 K (curve /, 
Figure 2); the electrical resistance at the maximum 
temperature is decreased to 5-10° Ohms. The sharp 
drop in electrical resistance from 8-10° to 5.4-10° Ohms 
observed at temperatures 970...990 K. A monotonic 
increase in the electrical conductivity was recorded 
during ordinary heating and continuously measuring 
the electrical resistance (electric field intensity does 
not exceed 7 V/cm). Calcite and silicon was identi- 
fied on the diffractograms of CaCO; + Si specimens 
treated by the heat field only. 
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Figure 2. Dependence of the electrical resistance of CaCO; 
without impurities and CaCO; with additives of silicon by 
heating and simultaneous action of electric current and po- 
tentials difference: 1— CaCO; crystal (Iceland spar); 2 — 
ground to powder Iceland spar; 3 — a mixture of powders of 
Iceland spar and silicon (85:15 wt%); 3a— a mixture of 
powders of Iceland spar and quartz (85:15 wt%); 3b-— a 
mixture of ground jointly to powders Iceland spar and sili- 
con (85:15 wt%); 4— a mixture of powders of Iceland spar 
and silicon (70:30 wt%); 5 — the same mixture (55:45 wt%). 


Ground to powder CaCO; (Figure 2, curve 2) be- 
haves quite differently: the beginning of a sharp drop 
in the electrical resistance of 10’ Ohms to 
1.2-10° Ohm recorded at temperatures 670 — 720 K, 
the minimum resistance 2°10° Ohm — at a temperature 
of 980 K. It should be noted that temperature of ac- 
tive decomposition while the ordinary heating of a 
similar specimen corresponds to 1075 K, i.e. 395 K 
above. Thus, additional effect of the electric field re- 
duces greatly the temperature of the beginning of ac- 
tive chemical processes. The new phase of Ca(OH) 
could occur during in the air abrasion of crystals. 

In comparison to experiment 1 data of experiment 
2 suggest that structural defects formed in the crys- 
tal lattice of CaCO; during grinding, considerably 
facilitate the subsequent chemical decomposition. It 
can be assumed that the abrupt drop in electrical re- 
sistance in the temperature range 970 — 990 K is due 
to the forming of a new phase, which could not be 
fixed after the end of the experiment. Increased re- 
activity is caused by structural defects of calcite in 
the volume of crystal and by active states on its sur- 


Table 1. Parameter of treated powder mixtures CaCO; + Si. 


The mineral 


face, which in nature may be formed during periodic 
transtension — compression and shearing strain. 

There are jumps in conductivity in all cases 
(Figure 2, curves 3 — 5) as a result of electrother- 
mal treatment the mixture of powders CaCO; + Si 
and CaCO; + SiO, activated during the pre- 
grinding. There is a strong decrease in temperature 
jump from reducing the weight fraction of CaCO; 
in the specimen. Table | shows the parameters of 
some treatments and experimental data. It 1s seen 
that in the case of additional abrasion (mechanical 
activation) of a mixture of powders CaCO; + Si 
(experiment 3b) jump of electric resistance is at 
lower temperature more than 300 K than in exper- 
iment 3. This effect may indicate that even at stage 
of mechanical impact plastic flow of mineral sub- 
stance during a joint grinding of crystals of Iceland 
spar and silicon initiates a solid-state chemical re- 
action (decomposition of CaCO; and oxidation of 
silicon). In this case, formation of active surfaces 
in minerals results in the acceleration of chemical 
reactions between them. 


The value of electrical 


S Conditions OOO Electrical Temperature resistance, Ohm 
c. of specimen in ie ee resistance of conductivity beginning ical 
cr preparation P at 900 K, Ohms increase, K of the 
men, wt% the drop 
drop 
1 Crystal CaCO; 100 5-10° 970 — 990 8-10° 5.4-10° 
2 pea A 100 12-105 670 — 720 107 1.2-105 
3 
Separate grinding 
3 of CaCO; and Si 85 and 15 204 jump 855 5.6-10° 5-10° 
in a mortar 
Joint grinding of ; 7 5 
first jump — 770 1.2-10 6-10 
a Senate PCa ae rae second jump — 850 4-10° 4.107 
Additional 
mechanical 
3b activation ofa 85 and 15 45 jump 515 2-10? 3-107 
mixture of pow- 
ders CaCO; + Si 
Separate grinding 
4 of CaCO; and Si 70 and 30 47 jump 610 8-10° 4.5-107 
in a mortar 
Separate grinding 
5 of CaCO; and Si 55 and 45 32 350 6-10° 4-10? 


in a mortar 


Paramagnetic centers are located in a thin surface 
layer during the quartz destruction. The spectrum of 
the PMC corresponds to the radical type =Si° and 
=SiO* and their concentration is close to 0.5-10'’ m”. 
It is also known that there are active states of silicon 
atoms with two broken bonds =Si: together with the 
radicals =Si° and =SiO*. Deformed bonds, which are 


carriers of residual internal stresses, stimulate the 
chemical activity. According to their chemical prop- 
erties deformed bonds are similar to the radical pairs 
=Si...OSi=. The concentration of active centers =Si° 
and =Si: in quartz and silicon are closely spaced. 
Reduction of calcite content in a specimen from 
100 to 1% by ordinary heating leads to a decrease of 
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decomposition temperature from 1275 to 1075 K. 
Abrupt temperature drop in electrical resistance in 
CaCO; + Si at electrothermal treatment would be ap- 
proaching this temperature range of calcite decompo- 
sition, however, in experiments with the specimens of 
CaCO; content 85% and 55%, the temperature jump 
is considerably reduced to 860 K (experiment 3) and 
to 350 K (experiment 5). 

In experiment 3 the mixtures of CaCO; and SiO, 
powders were used. Here an abrupt drop in electri- 
cal resistance was observed twice: at temperatures 
of 770 and 850 K, and there is a sharp decrease in 
electrical resistance in the temperature range 
810...850 K, which decreases abruptly at 850 K. 
The temperature of the second jump, marked on the 
curve 3a coincides with the beginning of the transi- 
tion temperature a@-quarts to #quartz. Perhaps this 
is just a coincidence, but it is possible that the de- 
crease in resistance due to the reaction of polymor- 
phism (@— p quartz). When ordinary heating the 
structure of unstrained quartz at @— f transitions 
remains almost unchanged, there is only a change in 
the angle of chemical bond and a slight displace- 
ment of atoms. The effects of mechanochemical ac- 
tivation of quartz due to violation of long-range or- 
der in the arrangement of tetrahedrons can cause an 
abrupt decrease in the resistance in a mixture of 
CaCO; and SiO, powders. Virtually amorphization 
of quartz accelerates solid-state processes of its in- 
teraction with calcite, but the issue remains open. 

Experimental data indicate that there is the oxida- 
tion of CO to CO, on the silicon surface at the time 
of mechanical activation in an atmosphere of carbon 
monoxide. Oxygen chemisorption is carried out on 
the short-lived active centers (lifetime 10~ s); their 
concentration is close to the concentration of surface 
atoms. Using ground (activated) silicon as an addi- 
tive to CaCO; in experiments with heating and pass- 
ing an electric current makes impossible the oxida- 
tion reaction 2CO + O, > 2CO, on the quartz sur- 
face. This is probably due to the fact that several 
physical parameters affecting the half-closed system 
consisting of CaCO; and SiO, the main parameter 
that determines the direction of chemical reactions 
is the electric field. In this case, the formation at 
least one new phase of low electrical resistance is 
energetically favorable in the system. For example, 
graphite may be this phase. 

Calcite decomposes to CaO and CO), at ordinary 
heating in the temperature range of 1075...1275 K. 
Additional effect of the electric field leads to the 
breaking of chemical bonds, what is more favorable 
energetically to the ions as product of breakdown: 


CaCO; > Ca > + [CO]. (1) 
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Ion-carbonate [CO3]*, which is formed at the ini- 
tial stage of CaCO; decomposition, in the field of 
active center on the surface of silicon (or Ca” ions) 
is resolved to atomic carbon and oxygen. One part of 
the oxygen oxidizes the calcium ions (Ca*’), and an- 
other is captured by active centers, resulting in the 
stabilization on the quartz surface, for example, =SiO; 
radical. A similar way is considered by authors using 
physical and mathematical modeling of elementary 
chemical acts occurring on the surface of diamond 
particles. Upon reaching the critical concentration of 
atomic carbon in the intergranular space system due 
to fluctuations of the energy and density (and possi- 
bly resonance phenomena) new phase of condensed 
carbon is formed spontaneously, which is correspond 
to the kinetic theory (Folmer 1986). 

The way of graphite nucleation directly related to 
the fluctuation phenomena occurring in the inter- 
granular space, supersaturated by atomic carbon. 
Reactions “carbon dioxide — graphite” occur spon- 
taneously when the supersaturation of carbon at cer- 
tain temperature (here the temperature of conductiv- 
ity jump). It is assumed in the statistical model that 
a collision of CO or CO, molecules to the surface 
with electric charges, the part of molecules comes 
into the field of an ion. If the energy of the molecule 
is large enough to approach for a critical distance to 
the ion, then its dissociation occurs, and in this pro- 
cess, there may be several ways: 

I.CO>C+0, 

I. CO> C +O, 
IM. CO> C +O, 
IV. CO => C +0O+e, 
V. CO => C+ O* + e, etc. 

The minimum energy that must energize the dis- 
sociation of CO molecule corresponds to the first 
reaction. Therefore, the calculation takes into ac- 
count only the first reaction. As a further simplifica- 
tion of the real physical situation was considered 
that the surface density of ions is constant, and that 
atom of oxygen combines with calcium ion as a re- 
sult of the dissociation of carbon oxide. 

Calcium oxides are formed on the surface of cal- 
cite particles, and carbon oxides (mobile compo- 
nents) filled the intergranular space. Thus, the inter- 
granular space between the surfaces is a zone of 
chemical reactions. With increasing temperature, the 
concentration of carbon oxides in the reaction zone 
increases, thus increasing the frequency of collisions 
and the probability of convergence of these mole- 
cules with point charges (e.g., calcium ions, broken 
bonds, etc.) on the distance at which the strong in- 
fluence of the field ion leads to dissociation of CO 
and CO, molecules. Quantum-mechanical calcula- 
tions suggests that at temperatures from 640 to 


980 K dissociation of CO and CO, molecules in the 
field of the monovalent ion occurs at distances of 
~(10...15):10°'° m, and in the field of the bivalent 
ion — (20...30): 10° m. 

Virtually in all cases the temperature of the begin- 
ning of mass dissociation of carbon oxides in the zone 
of chemical reaction is in the temperature range of the 
beginning of calcite decomposition at ordinary heat- 
ing. At some point the critical (maximum) concentra- 
tion of atomic carbon occurs in the reaction zone, 
where is spontaneous nucleation of graphite (the new 
phase with the electronic conductivity). According to 
known Le Chatelier’s principle, it can be assumed 
that in a case where the main influence on the system 
has an electric field, at least one of the phases, charac- 
terized by higher electrical conductivity as compared 
with any of the initial phases is formed. Formed 
graphite crystals give to the system a high electrical 
conductivity. At the steady-set maximum value of 
current flow the increase of temperature to the prior- 
ity of its impact in comparison with other treatment 
parameters will lead to the forming of new phases. 
This forming is an endothermic reaction. 


Characteristics of some mineral phase formed as a 
result of electrothermal treatment of mixture of cal- 
cite powder with silicon are presented on Table 2. 
According to the X-ray phase analysis the high elec- 
trical conductivity in the mixture is due to the 
formed hexagonal graphite; the highest content of 
graphite in studied specimens is less than 3%. The 
results of the high-voltage electron diffraction diag- 
nostics of the treated specimens show that depend- 
ing on the minimum size of the formed film (thick- 
ness exceeds 1.5 nm) graphite is characterized by a 
two-dimensional ordering. When the particle size is 
less than 1.5 nm, films are identified as amorphous. 
In some experiments, the graphite particles are pre- 
sented by three-dimensional units. 

The formation of Ca(OH) is most likely to occur 
directly at the grinding step of Iceland spar crystals 
in air. Unidentified phases with interplanar distances 
0.315nm (1=2...5); 0.236nm (1=5...60); 
0.168 nmm (1=2...50); 0.162 nm (1=2...10), and 
others remain in many specimens after the electro- 
thermal treatment of ground CaCO3. 


Table 2. New mineral phases in the treated mixture of CaCO; + Si powders. 


ee The mineral composition of the specimen, wt% 
CaCO; crystal (100) 

2 CaCO; powder (100) 

3 Mixture of CaCO; (85) and Si (15) powders, 
separate grinding 

30 Mixture of CaCO; (85) and SiO (15) powders, 
joint grinding 
Mixture of CaCO; (85) and Si (15) powders, 

ap additional joint grinding 

4 Mixture of CaCO; (70) and Si (30) powders, 
separate grinding 

5 Mixture of CaCQ; (55) and Si (45) powders, 


separate grinding 


During the long-term passing of electric current 
with maximum intensity after an abrupt change in 
electric conductive, new phases decompose and 
form high-temperature secondary phases, probably 
due to the high local temperatures as a result of 
Joule heating. If after the jump the density of pass 
current was reduced by a factor of 107, the conduc- 
tive phases in many specimens not only preserved, 
but also grew up. 


4 CONCLUSIONS 


It was established experimentally that in the ground 
to powder calcite when heating and passing an elec- 
tric current the beginning of active chemical pro- 


The maximum tem- 


perature of heating, K A 
1220 — 
980 Ca(OH) 
920 Very weak lines of graphite; 
Ca(OH) 
920 Very weak lines of graphite; 
Ca(OH) 
920 Weak lines of œ-SiOz; CaSiO; 
Very weak lines of a-SiO}; 
920 
weak lines of graphite 
920 weak lines of graphite; 


Caz0(SiO4) 


cesses corresponds to a lower temperature than upon 
the ordinary heating. Increased reactivity of calcite 
is conditioned on structural defects of various kinds 
in the crystal volume and the active states on its sur- 
face. After the preliminary grinding, jumps in con- 
ductivity in CaCO; + Si specimens are observed in 
all cases. There is a strong decrease in temperature 
jump as of an increase in the silicon content in the 
mixture. 

Reducing the temperature of the beginning of 
chemical reactions may be due to a decrease in the 
energy barrier as the action of surface charges local- 
ized in areas of dislocations exit points. 

The feature of the electrothermal treatment of cal- 
cite + silicon, calcite + quartz specimens is that in- 


347 


creasing the silicon content decreases the tempera- 
ture of the abrupt drop in the electrical resistance. 

Structural defects formed in the crystal lattice up- 
on grinding, greatly facilitate subsequent electro- 
thermal decomposition. Additional mechanical acti- 
vation of a mixture of powders CaCO; + Si leads to 
the jump of electrical resistance at a temperature of 
more than 300 K lower than that in the experiments 
with a separate grinding. This indicates that the 
plastic flow of mineral substance at the joint grind- 
ing of crystals initiates solid-phase chemical reac- 
tions directly in the step of mechanical action. In 
this case, the formation of active surfaces in miner- 
als and complementary stored energy accelerates re- 
actions between minerals and reduces the energy 
barrier for origin of a new phase. 

Thus, treatment — passing of current when heated 
the mechanically activated specimens of silicon and 
calcite, calcite and quartz — declines significantly 
the temperature of phase transformations, initiates 
formation of a new solid phase with electron con- 
ductivity. It can be assumed that the physical and 
chemical processes stimulated by mechanical pro- 
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cessing with subsequent electrothermal influence 
take place in rocks in the periods of tectonic activi- 
ty. Received data may be useful in studies of the 
carbon source and the ways of diamond and graph- 
ite formation in nature, physical and chemical for- 
mation conditions of their deposits and the factors 
of diamond formation in graphite schists. 
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Substantiation of coal slurry thickening rate during dewatering 
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ABSTRACT: Equation of motion including nonlinearity due to the dry friction force has been developed 
based on the analysis of the intraluminal stresses in material being subject to harmonic force. Harmonic line- 
arization of the sgn function resulted in reduction of motion equation to the linear form. The solution of 
model equation allowed identification of evolutionary and oscillatory components of material vibration 
thickening process (without any change in its mass and at constant resistance). The obtained dependence of 
layer thickening rate on the material rheological characteristics includes the working surface vibration parame- 
ters in an explicit form. This study result could be useful at the screen operational conditions determination. 


1 INTRODUCTION 


During the coal slurry dewatering, solid phase volu- 
metric concentration is increased due to water remov- 
al through the screen mesh. Thus coal slurry structur- 
al-mechanical properties are substantially changed. 
Effective slurry viscosity is subject to the most signif- 
icant alteration due to its nonlinear dependence on 
volumetric concentration of solid particles. 

Viscosity, plasticity and elasticity are the basic 
rheological characteristics of concentrated slurry. 


2 MATHEMATICAL DEFINITION 
OF SLURRY PROPERTIES 


Slurry elastic characteristics are resulted from the 
air bubbles presence. However, during dewatering 
on the screen sieve accompanied by the layer vibra- 
tion thickening air bubbles are intensively released 
through the free layer surface and through its bot- 
tom boundary, i.e. through the screen. Thus, slurry 
layer on the screen may be assumed as a visco- 
plastic rheological body. 

High-concentration slurry is characterized by the 
spatial structure resistive to stress not exceeding 
certain Te, value designated as shear stress or yield 
strength (Wilkinson 1964) In case that material 
stress exceeds the yield strength, its structure col- 
lapses, and shearing flow occurs, of which rate is 
proportional to excess shear velocity (Wilkinson 
1964), i.e., material behaves as a Newtonian fluid at 
the shear stress t — Te. 
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Deformation of viscoplastic material results in 
occurrence of stress: 
T=NE+T,, 


(1) 
where 7 — viscosity coefficient, and € —rate of 
deformation. 

Let us consider a viscous material behavior on the 
harmonically oscillating horizontal sieve surface 
under the unseparated conditions. 

Let us distinguish unit cross-section bar in the 
material layer with axis coinciding with the pressure 
load normal component on the screen side. The bar 
height is equal to the material layer thickness A and 
bar mass: m = ph, where p — the material density. 

Material layer is subject to harmonic exciting 
force: F-cos:wt, where F and w — the exciting force 
amplitude and frequency, and ¢ — the time. In addi- 
tion, during the oscillation layer is subject to inertia 
forces due to the material density p, viscous friction 
forces and dry friction forces determining the mate- 
rial plastic deformation. 

The screen surface vibration normal component 
results in layer deformation and facilitates its de- 
watering, while the tangent component provides 
layer vibratory displacement. Therefore, when tak- 
ing account of vibration normal component only, we 
assume that layer inertia force will be: my=phy, 


where y — layer vertical displacement, y = eh. 
Viscous friction force in the material layer is 
equal to my, where y=heé — the layer vertical 
displacement velocity. 
Dry friction force R is constant in magnitude and 
is directed oppositely to displacement velocity 


(Panovko 1976) R=—Ry/|j 


depending on the friction coefficient and cohesive 


, where R — constant 





force. If force R is resulted from the stress exerted 
upon the lateral surface of the square bar, then 
R=4ht,. Assuming the permanent plastic defor- 
mation during the layer vibration thickening, we 
will represent dry friction force as R(sgny+1)/2 


(Palmov 1976), where: 
l l during y >Q 
sgn y = Tien i (2) 
—l during y <0 


Thus, layer plastic deformation occurs, if screen 
displacement velocity is directed upward, and the 
stress in layer exceeds ultimate shear stress te. If 
screen velocity is directed downward, then dry fric- 
tion force is equal to zero, and layer moves as an 
inertia body. 

Figure | shows dynamic computational diagram 
of the inertia viscoplastic body being subject to 
harmonic exciting force. 


n Te 


(r cos ot 


Figure 1. Dynamic computational diagram of the inertia 
viscoplastic material on the vibrating surface. 


The equation for layer motion on the vibrating 
surface takes the following form based on the as- 
sumed dynamic design: 


mý + ný + 2hT, (sgn ý +1) = F cos @ . (3) 


Layer height varies slowly at the final dewatering 
process stage, so that dh/dt < < 1 

The equation (3) includes nonlinearity due to the 
function sgn y . Such type equations are solved with 


the use of methods of step-by-step integrating 
(Blekhman & Dzhanelidze 1964) or methods based 
on the motion equation linearization. 

In order to reduce equation (3) to the linear form 
we will use the power balance method (Panovko 
1971) whereby nonlinear dry friction force can be 
replaced with the energy equivalent linear force 
b,y for which coefficient b, is determined based on 
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the condition of equality of the works done by both 
forces over the oscillation period, 1.e.: 


7 T 
[t, sgn y-y-dt=|b,ydt . (4) 
O O 


We can assume for a first approximation that oscil- 
latory process is harmonic in the steady conditions. 

One can see from the equation (3) that nonlinear 
friction force presents at the positive velocity values 
only, and function sgn y takes on values 0 and 1. 


Therefore expected oscillatory law for the layer 
displacement velocity will be: 


y=-ad sina , (5) 


where a — the layer oscillation amplitude. 
Insertion of expression (5) into (4) results as follows: 


T 2m 
[b y dt =b,a°0 | sin? ydy =b, 7a°0 , (6) 
O O 


where w = ot. 
Let us calculate an integral on the left part of (4) 
for the nonlinear resistance force: 


T 2m 
[t.ysgny-dt=-t.a|sinwsgny:-dw=4t.a. (7) 
O O 


Equating results of calculations of (6) and (7) al- 
lows determination of equivalent friction coefficient: 


Pies, (8) 


o c 


maw 


Once the coefficient b, — determined, the problem 
reduces to investigation of the equivalent linear 
dynamic system where the dry friction force is as 
follows: 


2ht.(sgn y +1) = 2ht, (by +1), (9) 


where b = 4/zaw. 

In case of the system with the non-elastic re- 
sistance, oscillatory motions lag behind the exciting 
force. Therefore, if oscillatory motions follow the 
low y = a-cos-w't as a first approximation, then law 
of variation of exciting force can be on written as 
Fcos:(wt +o), where g is phase angle. Then the 
motion of the linearized dynamic system will be 


described by equation: 
my + (7+ 2bht, )y + 2ht, = F cos(@t +). (10) 


At the moments of maximum system departure 
from the equilibrium point when cos-ot = 1: 


F cos p=2ht, —ma@’ , 


(11) 


and at the moment of equilibrium point passage cos 
wt = 0 and 


F sing =(n + 2bht, )a@ — 2hr, . (12) 


After the last equalities squaring and addition, we 
will obtain following expression associating the ex- 
citing force value and system oscillation amplitude: 


F? =(2ht, maw’) +(Baw—2ht,), (13) 
where: B = 9 + 2bht,. 
Thus oscillation phase is as follows: 
2ht, —ma@* 
Q = arccos See . 14 


Equation (10) is linear with respect to y , and it’s 
solution is known (Bronstein & Semendyaev 1986): 


B 
——t 


Vols 
E 2hr, | 

{| —cos(@r + o)-4— |e dt+C, >, 
m m 


where C, — the initial value. 
Solving the integral (15) at the initial condition: 


(16) 


(15) 


y=0 givent=0, 


B 
——_t 
i me = + 


x 2 cos(@t + o) +O sin(a + o) = 
m 


we obtain: 


Fm 
B? + mo? 


2AT, 


,_ 2ht, r 
aan: 


B -Z, 
-[F coso-+asing | a | : (17) 

m 

The solution (15) describes the layer velocity var- 
lation with account for the transient process in the 
initial time period. The expression (15) can be re- 
written for the steady-state process t — © as 
follows: 


Fm 


B? +m’ 
, 2h 
— cos(a F 9) $ © sin(a F 0) = 


dž 


y= 


To 





(18) 


m 


Integration of expression (17) at the initial condi- 
tion y = h, at t = 0 results in determination of the 
vibrating layer displacement: 


B 
2hT = 
y=h, -4 -ahize e + 
B 
F B 
rl a+o)]- 
B +m mo 
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B 
——t 
— cos(@t + o) + (cos É+ “sin J mi 





B +m’ 
-— sinó. 19 
HEB d (19) 
In steady-state process (t — 00): 
i 2AT, ja Fm x B J 
di B+mo | mo 
B? +m? 
x sin(@r + o) — cos(@t + o) — m sin o . (20) 


The solution (20) describes material layer surface 
displacement at the oscillatory shear flow and in- 
cludes evolutionary and oscillatory components: 





2AT F 
=), = “t——_sing, 21 
J} O OB p ( ) 
= Fim 
i B? +m o’ i 
dZ sna $ p)- cosl $ 0) (22) 
moO 


The layer vibration thickening process takes 
place without its mass variation at the constant 
resistance. It is reasonable that the layer thickening 
is only possible when the stress in material exceeds 
shear stress te. 

Evolutionary component of thickening rate under 
the steady-state conditions dy/dt = -2ht,/B. Here the 
layer height A is present as a parameter. 

Concentrated slurry viscosity coefficient depends on 
the vibration parameters as follows (Rudenko 1971): 


k 
n= +— 


m (23) 
a 


where k — the constant coefficient; 7, — the residual 
viscosity coefficient due to the oscillatory thixo- 
tropic destruction of dispersion medium. 

The rate of layer thickening on the vibrating 
screen: 





Qht 
ay =— £ (24) 
dt k SAT, 
No + a 
am maw 


Parameters te No and k included in this formula 
are subject to the experimental determination. 

Figure 2 shows plots of layer thickening rate 
against working surface vibration amplitude and 
frequency. Exemplary material parameters for the 
layer of h = 0.1 m are assumed as follows (Rudenko 
1971, Fomenko & ~~ Kondratenko 1977): 
Te = 10 N/m’, 7, = 10° M-s/m’, k = 10° N/m:s”. 


¥ *10°, 
m/s 
1.6 
12 


0.8 


0.4 





100 ——— 200 ———300 ——o, rad/s 


1 2 3 a, mm 


Figure 2. Viscoplastic material vibration thickening rate 
vs. working surface vibration amplitude and frequency: 


y(v) during a= 1 mm; yla) during v = 75 rad/s. 
3 CONCLUSIONS 
These data enable length calculation for screen de- 


watering surface devices, where the first device is 
designed for the material dewatering with the pre- 
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vailing use of hydraulic principles, while the second 
one is designed for dewatering due to the laws of 
inertial mixtures mechanics. 
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Improving the assessment effectiveness methods of innovative 
industrial Leading Ukrainian Companies activity 


D. Kabachenko 
National Mining University, Dnipropetrovsk, Ukraine 


ANNOTATION: Considered are the main assessment methods of effectiveness of innovative projects, high- 
lighted are their strength and weaknesses. Separated are two groups of methods, which are mostly used in the 
process of assessment of economical effectiveness of projects: discount (static) and discounted (dynamic) 
methods. Considered are features, advantages and terms of using the method of real options for assessment 
of effectiveness of innovative projects, analyzed kinds of real options and methods of assessment of their 
value. Presented is an example of using of the method of real options for assessment of effectiveness of an 
innovative project, implemented on the acting enterprise, identified is the growth of the capital of the enter- 
prise as a result of realization of the project in view of a real option. 


1 INTRODUCTION 


A problem of acceleration of economic develop- 
ment on the innovative basis is exclusively actual in 
Ukraine. In conditions of market relations, the inno- 
vative activity is the most progressive form of en- 
terprise whose goal is — maximal satisfaction of 
need of society. 

Taking into account strategic tasks, nationwide ef- 
fect from creation and using of innovations, their 
effect on the common development of the country’s 
economic, is important during choosing foreground 
directions of the innovational activity, which are sup- 
ported by the state and are expressed by acting legal 
acts, which include Laws of Ukraine “About innova- 
tional activity”, “About foreground directions of in- 
novative activity in Ukraine’, “About foreground 
directions of development of science and technic” etc. 
Assessment of effectiveness of innovational projects 
on the basis of science and technical, economic, so- 
cial, ecological factors, is an integral background of 
their realization. 

Today, innovative activity is a fundamental rod in 
strengthening of an enterprise on the market in con- 
ditions of rough competition, which must provide 
stable economic development, increasing of com- 
petitiveness of produced by an enterprise production 
and provided services. 

The paradigm of innovational development is re- 
flected in the theory of intellectual technology of 
F. Hayek, the theory of innovative economic and 
corporate society of P. Druker, technical and eco- 
nomic conception of J. Schumpeter, researches of 
M. Porter, B. Santo and other scientists. 
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2 MAIN PART 


At the moment, not solved is a problem of creation 
of methods of management of innovative activity, 
which are adequate to the market conditions of eco- 
nomic management and optimization of mecha- 
nisms of complex assessment of effectiveness of 
innovative projects at Ukrainian enterprises. 

A goal of this research is theoretical foundation 
and development of methodical recommendations 
concerning improvement of methods of assessment 
of innovative projects at an industrial enterprise. 

It is necessary to highlight two groups of 
methods, which are mostly used in the process of 
assessment of economic effectiveness of projects, — 
these are discount (static) methods and discounted 
(dynamic) methods. (Volkov & Denisenko 2007). 

We will consider the main methods of assessment 
of effectiveness of innovational projects and also 
will highlight their strength and weaknesses. 

Discounted methods belong to the most famous 
and widely used methods of assessment of in- 
vestments before the conception of discounting of 
cash flows was universally accepted. Thus, meth- 
ods of assessment of effectiveness of a project, 
which are based on discounting assessments 
(without discounting) is a payback period of in- 
vestments (PP) and the coefficient of effective- 
ness of investments (ARR). 

The payback period of investments (PP) is a peri- 
od from the beginning of realization until the re- 
coupment of investments. The gist of the method is 
in calculation of the period, by which, the earnings 
are compared with the amount of initial investments: 
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where PP — term of recoupment of investments 
(years); K, — initial investments; CF,,. — average 
annual value of net earnings from realization of an 
investment project. 

This index allows to calculate, during which pe- 
riod will be received a net income, which, by 
value, will be equal to the value of advance capi- 
tal. By comparing of projects, it is necessary to 
accept a project with the shortest term of recoup- 
ment. However, a simple term of recoupment of 
investment has a range of significant defects. It 
doesn’t take into account value of money in time 
and doesn’t accept discounting, and it means, that 
it doesn’t take into account segregation of incomes 
by years, and thus, it will be used only for projects 
in a short-term period. 

The method of calculation of the coefficient of ef- 
fectiveness of investments (ARR) — provides dis- 
counting of cash flows and is equal to the ratio of the 
annual average estimated net income to the annual 
average volume of investments. Annual net income 
is calculated as a difference between the cash flow of 
this year and the sum of annual depreciation deduc- 
tions, associated with this project. 

Annual average net income is calculated as a part 
of segregation of the difference between incomes 
and costs, associated with this project for the fore- 
seeable term of investments. The income in this case 
must be decreased to the amount of deductions to 
the budget. 

If the amortization is charged linearly, the value 
of investments will decrease evenly with time flow. 
An average value of investments wherein will be 
equal to a half of the sum of initial investment costs, 
increased to a half of the liquidation value. If it is 
foreseen, that, after ending of the term of realization 
of the analyzed project, all capital costs will be writ- 
ten off, then the average value of investments will 
be in accordance with a half of the sum of initial 
investment costs. 

In view of these conditions, a simple rate of prof- 
itability is modified into an index, called a coeffi- 
cient of effectiveness of investments ARR: 


ARR = (2) 
5 UC-RV) 


where PN — annual average net income; /C — initial 
investments; RV —liquidation (residual) value of a 
project. 

Implemented is the project, whose discount 
profitability is higher. Wherein occurs its compari- 
son with the market interest rate, in order to esti- 
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mate — how better of worst result do these invest- 
ments present in comparison with other invest- 
ments of the capital. 

A common defect of discount methods of as- 
sessment of effectiveness of innovation projects if 
that they don’t take into account a range of factors, 
such as inflation, segregation of cash flows in time 
and risks. Furthermore, these methods are based on 
discount assessment of income, which are condi- 
tional, and depend on the opposite politics of a 
company. That’s why these methods are not al- 
ways applicable for assessment of effectiveness of 
innovation projects. However, they are important 
for rejection of obviously ineffective projects. 
They differ by simplicity in calculations. As it is 
stated in some sources, discount methods are used 
for assessment of projects of small enterprises, 
which don’t implement large and long-term in- 
vestment projects. 

Dynamic methods of assessment of effectiveness 
of innovative projects ate based on the model of 
discounted cash flow (DCF). Discounting is adduc- 
tion of value of a cash flow (CF) of a project into 
different time for a specific period of time. It is 
possible to do by means of a rate of discounting 
(RD). The meaning of DCF is that money lose their 
purchasing power, namely, money in the future 
period are cheaper, the in the real period. 

Assessment by means of discount methods of as- 
sessment is more accurate, thus considered are dif- 
ferent kind of inflation, changes of the interest rate, 
norms of profitability etc. These indexes include 
methods of the profitability index (PI), net discount- 
ed value (net present income NPV), the internal 
norm (rate) of profitability (IRR), the discounted 
payback period (DPP). 

Net present value (NPV) is a sum of cash flows, 
connected with an innovational project, coerced by 
the factor of time to the moment of assessment and 
is calculated by the following formula: 
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where CF; — cash flow, coerced to j-moment (inter- 
val) of time; /, — value of initial investments; RD — 
rate of discount; m — term of realization of a project. 

As a rate of discount (RD) is used a necessary 
level of profitability, which is determined in view of 
a risk. If NPV > 0, this means that: 

— effect of the project is a positive value; 

— the project has a higher profitability, than a rate 
of discount (RD), which is needed on the market of 
capitals from investments with such level of risk. 


If NPV < 0, this means, that the adjusted norm of 
profit is not provided and the project is unprofitable. 
If NPV = 0 the project just recoup the costs but 
doesn’t provide income. 

However, correct using of the NPV-method is pos- 
sible only in case of compliance with a range of terms: 

—a volume of cash flows in frames of an invest- 
ment project must be estimated for the whole plan 
period and refer to specific time intervals; 

—cash flows in frames of an investment project 
must be considered isolated from other industrial 
activity of an enterprise, namely, to characterize 
only payments and earnings, directly related to real- 
ization of the project; 

—the principle of discounting, which is used at 
calculation of the net coerced income, from eco- 
nomic site of view, provides a possibility of unlim- 
ited implication and investment of financial means 
by the considered rate of discount (which doesn’t’t 
comply with reality); 

— using of the method for comparing of effective- 
ness of several projects provides using of a single 
for all projects rate of discount and a single time 
interval (which is often determined as the largest 
term of realization from the available). 

At calculation of NPV, usually, is used a perma- 
nent rate of discount, however, depending on cir- 
cumstances (for instance, change of level of interest 
rates is expected) a rate of discount can differentiate 
by years. If during calculations are used different 
rates of discounting, the project which is acceptable 
at the permanent rate of discounting, can became 
unacceptable. 

Being an absolute index, the most important 
property of NPV — is a property of additivity, name- 
ly, it is possible to summarize NPV of different 
projects. Other most important properties of this 
criteria include most realistic assumptions about a 
rate of reinvestment of entrants of means (in NPV 
method, it is not clearly provided that the means, 
which come from realization of a project, are rein- 
vested by the adjusted norm of discount RD). 

Using of NPV criteria is theoretically grounded 
and, in general, it is considered as the most correct 
measurer of effectiveness of investments. At the 
same time it has a range of defects: 

—NPV is not an absolutely correct criteria at 
choosing between a project with bigger real net 
value and a continuous period of recoupment and a 
project with smaller real net value and a short period 
of recoupment. In other words, the NPV method 
doesn’t allow to judge about a break-even point and 
a stock of financial strength of a project; 

—the NPV calculation method takes into account 
only obvious cash flows and doesn’t take into ac- 
count effect of changes of the value of real estate, 
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fixed assets and raw materials on the real net value 
of a project; 

— using of NPV is complicated by difficulties of 
prediction of a rate of discount (a weighted value of 
a capital) and/or a rate of bank interest; 

— a rate of discount is usually accepted unchange- 
able for the whole horizon of discount. However, in 
future, it can change in connection with changing of 
economic conditions. 

A profitability index of a project (PI) displays what 
amount of units of the current volume of the cash 
flow refers to a unit of expected initial costs. The PI 
index can be calculated by the following formula: 
O a (4) 


o 


PI=> 
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If the profitability index of a project exceeds one, 
the current cash flow is bigger than the initial in- 
vestments and this, in its turn, provides a positive 
value of NPV, and thus, we accept the project. 

If PI < 1, the project is refused. 

In case if PJ = 1, investment don’t earn, — the pro- 
ject is neither profitable nor unprofitable. 

So, the PI index shows, how effective are invest- 
ments; namely this criteria is the best in case, when 
it is needed to put in order some independent inno- 
vational projects for forming an optimal portfolio. 

This method is useful at choosing the best project 
from alternative variants. 

One of the main defects of the profitable index is 
its sensibility to the project’s scale. This index 
doesn’t always provide a univocal assessment of 
effectiveness of financial investments and a project 
with the highest index may not comply with a pro- 
ject with a high value of NPV. In connection with 
the fact, that this index doesn’t correctly estimate 
mutually exclusive innovational projects, it is used 
as an addition to the NPV method. The internal rate 
of return of investments (IRR) — is a rate of dis- 
counting (RD), at which NPV = 0. 

Thus, IRR is determined by the formula: 
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The algorithm for solving is the next: 

—we take two rates of discounting RD, and RD, 
(randomly selected), at that, RD; < RD,; 

—then, using value of the rates, we calculate 
NPV, and NPV. 

The meaning of the calculation of this coefficient 
at assessment of effectiveness is that IRR shows the 
most permissible relative level of costs, which can 
be connected with an innovational project. For in- 
stance, if sources of the means of the project were 
loans of a commercial bank, then the value of IRR 


shows the upper border of the permissible level of 
bank interest rate. 

If IRR < R, namely, profitability of a project is 
smaller than the rate of income on invested capital, 
needed by investors of the project, the project is 
refused. 

Unlike NPV, which measures the absolute value 
of income, IRR shows an income for a unit of the 
invested capital. 

Advantages of the method are: 

—comparison of IRR with the “value” of a loan 
provides a possibility to determine advisability of 
attraction of loaned means; 

—it allows to find a limit value of a rate of dis- 
count, which segregates investments to acceptable 
and unprofitable, and also, to rank projects by a 
level of profitability at identity of the main initial 
parameters; 

—it serves as an indicator of a level of risk of a 
project: the more IRR exceeds the accepted level of 
recoupment, the bigger is a stock of strength of the 
project. 

Defects of the IRR criteria: 

—a possibility of existence of several meanings of 
IRR. In the general case, if we analyze a single or 
some independent projects with an ordinary cash 
flow, when after the initial costs come positive in- 
flows of cash flows, using of the IRR criteria always 
leads to the same results as NPV. But, in case of 
alternation of the inflow of cash with outflows, for 
one project may exist several meaning of IRR; 

— IRR 1s very sensible to the structure of the flow 
of payments and doesn’t always allow to definitely 
estimate mutually exclusive projects; 

— it is non-additive, it characterizes only a specific 
project, it is difficult to use it for assessment of an 
investment portfolio; 

—IRR admits, that a rate of discount will be per- 
manent during the whole term of realization of in- 
vestments. 

A range of economists at calculation of the term 
of the payback period of investment (PP) recom- 
mend to consider a temporal aspect. In this case, the 
cash flows are discounted into the calculation by the 
WACC index (the weighted value of the capital). 
So, determined is a moment, when discounted cash 
flows of incomes are compared with discounted 
cash flows of costs. 

For the calculation of the discounted payback period 
of investments (DPP) is used the following formula: 


. 2 1 
DPP = min n, wherein >) CF, ————— 2 
mı (1+ RD)" 


The advantage of the method of discounting of 
payback period is that it takes into account a tempo- 
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rary value of money and a possibility of reinvest- 
ment of profits. A defect of such method is that it 
doesn’t take into account the cash flows after the 
end of the payback period of the project. 


3 RESULTS 


Using of traditional approaches, based on discount- 
ing of the cash flows, doesn’t take into account 
managerial flexibility at analysis of an innovational 
project. Identification of effectiveness of invest- 
ments by them provides that after the project is 
started, its estimated parameters (value of the cash 
flow, size of costs etc.) are unchangeable, display- 
ing these aftermath just due to variation of rates of 
discounting adequately to risks, which are estimated 
by the expert way. Wherein, their ability to perform 
as factors in conditions of flexibility of manage- 
ment, is ignored. 

According to the author, it is possible to grade 
these defects and to estimate the value of flexibility 
of management at decision making in answer to 
unexpected market changes, with help of using of 
the method of real options. 

Generally, by an option we mean a right to pur- 
chase or sell the base asset in the specific volume 
for a fixed price (a price of implementation) to a 
date of the end of an option or until this date (Ziyat- 
linov 2010). Depending on the situation, the owner 
of the option can either realize the option or not. In 
the real options, unlike the financial ones, the base 
asset is not a financial instrument (stock, bond), but 
real assets of a company (investments, resources, 
production capacity etc.). 

The most famous works dedicated to the option 
approach include the works of F. Black and 
M. Sholes, A. Damodaran, R. Merton, D. Mooney, 
A. Dixit and R. Pindyck, N. Kulatilak, D. Ingersoll 
and S. Ross, L. Trigeorgis and a range of other 
foreign investigators. In Ukraine this issue is less 
learned, but its actuality is displayed in scientific 
works of I. Gavryschkov, G. Drahan, N. Petrov, 
O. Chechil and other. 

At using of the method of discounted payback pe- 
riod of investments, the analyst tries to avoid the 
uncertainty at the moment of analysis of the invest- 
ment project. As a result appears one ore several 
scenarios of the future march. However, the scenari- 
os analysis doesn’t solve the main problem — a static 
character, because in the result is taken the averaged 
variant, which shows, how will be solved the uncer- 
tainty in accordance with the laid prerequisites. 

The method of real options provides a fundamen- 
tally other approach. The uncertainty stays and the 
management with flow of time makes optimal deci- 


sions in accordance with the situation, which chang- 
es. In other words, real options provides a possibil- 
ity to change and to make optimal decisions in the 
future, in accordance with the new information, 
which comes. Wherein, the possibilities to change 
and to make decisions in the future are quantitative- 
ly estimated at the moment of analysis. This method 
considers a risk not only as a negative factor, but 
also as a possibility to receive an additional income 
and (or) to minimize loses in case of the adverse 
developments (Malyshev & Podoynichyn 2013). 

Many investment projects include different kinds 
of options. For instance, a company considers a 
possibility of purchasing an option for development 
of a source of oil on the specific parcel. But, at the 
moment, the value of extraction of oil in this point 
will not be recouped by the incomes from its reali- 
zation, that’s why such project seems to be unprofit- 
able. On the other side, taking into account the fact, 
that the prices for oil on the world market tend to 
serious oscillations, it is not difficult to assume, that 
in one or two years they will seriously grow and 
development of an oil source will provide serious 
profits. In such case, an option for development of 
oil provides a company with a right, but not an obli- 
gation, to realize a project, if conditions for this will 
be favorable (Bruslanova 2004). 

Depending on time of implementation (realiza- 
tion of the right to purchase/sale), options are di- 
vided into the “American” and “European”. The 
owner of the American option can use his right to 
purchase or sell the securities at any time before 
the end of the established term, and the owner of 
the European option can use the option only on 
one determined day. 

Using of the method of real options is perspective 
at strategic investment projecting also because man- 
agers of the projects can more operatively take into 
account appearance of new information. For in- 
stance, a considered project at the moment is eco- 
nomically ineffective but, in case of favorable 
change of the market’s conjuncture, it can became 
advisable. Then, making a decision not to invest 
into a project, which is based on the following in- 
formation, is lost a possibility to receive income in 
future. Namely, in the method of real options, a risk 
is considered not as circumstance, which must be 
avoided, but, vice versa, as a potential source of 
increasing the value. 

Assessment of real options provides important 
additional information and thus contributes validity 
of made decisions. Along with that, assessment of 
real options must be considered not as an alterna- 
tive, but rather, as an addition to the traditional NPV 
(net current value) method of assessment of effec- 
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tiveness of project, specifying the marks, specified 
by discounting of the cash flows (Buzak 2010). 

Wide injection of the method in management of 
projects will allow to the management to react more 
operatively to change of the market’s conjuncture, 
to pay attention to different scenarios of develop- 
ment and not to loose new possibilities. 

Using of the method of real options until the as- 
sessment of investment projects is advisable when 
the following conditions are satisfied: 

— a result of a project tend to the high level of the 
uncertainty; 

— company’s management is able to make flexible 
managing decisions at appearance of new data of 
the project; 

—a financial result of a project significantly de- 
pends on the decisions, made by managers. 

There are two main types of options: CALL (a 
right to purchase for a fixed price) and PUT (a right 
to sell for a fixed price) (Gilbert 2004). 

Depending on the fact, by which conditions an 
option gains a worth for a company, allocated are 
the following species of real options: 

—an option for refusing from investments: this 
option is a right to sell or close a project. In case, 
when results from realization of a project don’t 
comply with expectations, the manager can assess a 
liquidation value of a project. 

Thus, the price of implementation of a project 
will be a liquidation value of the project. When the 
current value of assets will be lower that a liquida- 
tion value, then the option will be implemented: 

—an option for extension of a project: this option 
is a CALL option for increasing of values of pro- 
duction and investments in case of favorable marsh. 
This situation can appear when the current demand 
on the production exceeds the estimated and the 
company’s management decides to increase the 
issuance. The price of implementation of an option 
is equal to the following expenses for creation of 
additional production capacities; 

—an option for reduction of investments — is a 
possibility of the staged reduction of business in 
case of a pessimistic scenario; 

—an option for postponement of investments: this 
option is used in cases of uncertainty of demand on 
production. It is necessary to note, that in some 
cases, a postponement of investments can negatively 
affect the companies, which have some technologi- 
cal advantages, thus these investments will be post- 
poned to the later term (Hull 2013). 

For assessment of value of real options are used 
two main methods: Black-Scholes Option Pricing 
Model and binomial model. 


The Black-Scholes Option Pricing Model is sim- 
ple as in exposition and in using, however, it has a 
range of restrictions: 

— the assessed asset must be liquid (availability of 
the market is required for the assessed asset); 

—changeability of the price of an asset stays the 
same (namely, sharp price hikes don’t occur); 

— the option can’t be realized until the term of its 
implementation (the European option). 

Calculation of the value of the real option is made 
by the formula of Black-Scholes, developed for 
assessment of the financial options of the CALL 
type (McMillan 2003): 


C=S-N(d,)-K-e"N(d,), (7) 
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where: C — a price for an option to purchase; 
S — a current price of a base asset (a discounted 
value of cash flows from realization of the invest- 
ment possibility, which is received by the company 
as a result of implementation of an investment pro- 
ject); K — a price of implementation of an option 
(capital investments); r — a risk-free interest rate, 
which complies with the life term of an option; 
o — volatility (a mean-square deviation of the co- 
erced cash flows of a base asset from the average 
meaning); M(d,) — a function of density of segrega- 
tion of a standard normal random value; e — a num- 
ber, which is a basis of a natural logarithm (roun- 
dish meaning 2.71828). 

From the analysis of this formula it follows that 
the price of a real option growing if: 

—a discounted value of cash flows increases; 

— costs for implementation of the project decrease; 

—time until the end of the term of realization of 
the project increases; 

— a risk increases. 

Wherein, the bigger effect on increasing of the 
value of the option makes a discounted value of 
estimated cash flows. So, for increasing the invest- 
ment attractiveness of the project, it is advisable for 
the companies to pay attention to increasing of in- 
comes, but not on decreasing of costs. 

Technique of building of the binomial model is 
more complicated, that Black-Scholes method, but it 
allows to receive more precise results, when there 
are several sources of uncertainty or a big amount of 
variants of accepting a decision. Calculation of the 
value of an option is a movement through a “tree of 
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decisions”, where, in each point, managers try to 
make the best decisions. As a result, the cash flows, 
which appear as an aftermath of the future deci- 
sions, are brought to the discounted value. 

In practice. The main difficulties of using the bi- 
nominal model, are related to definition of meanings 
of relative increasing and decreasing of value of 
business in each period, and also, probabilities of 
positive and negative variants of marsh. 

Coefficients of increasing and decreasing are cal- 
culated by the following formulas (Shreve 2005): 


peer. (10) 

and 
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where u — a coefficient of increasing of cash flows; 
d — a coefficient of decreasing of cash flows; e — a 
number, which is a basis of a natural logarithm 
(roundish meaning 2.71828); o — a mean-square devi- 
ation of cash flows of a base asset from the average 
meaning; t — a term of implementation of an option. 

After that is founded a stage of a continuous 
probability (p), which is determined by a formula: 

e -d 
a (12) 
where r — a risk-free interest rate on the financial 
market (% of annual interests). 

At using of the binominal model, at first is built a 
tree of the price of a base asset and then — a tree of 
the value of the option, which, eventually, fold. At 
building of the tree of the value of a base asset, it is 
possible to take into account risks of a project in 
scenarios meanings, but not in the discounting rate. 

We will build a five-step grid of changing of the 
meaning of a base asset (Figure 1). 

A grid of changing of the value of an asset shows 
allowed in view of the current uncertainty meanings 
of an asset during the next 5 years. A price of the 
CALL option is determined by the following formula: 
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where S — a price of a base asset; K — a price of 
implementation of an option; p — a stage of a risk- 
free probability. 

We will consider using of the method of real op- 
tions for assessment of effectiveness of an innova- 
tional project, implemented at PJS “Dniprotelekom”’. 









S(0)*u^5 
S(0)*u^4*d 


S(0)*u^3* 
d^2 














S(0)* 
u4 
S(0)* 
u^3 
S(0) S(0)* 
CL u^3*d 
S(0) S(0)* 
* u ^2 *q 
S(0)* S(0)*u42* 
so | [Sea | | Ses 
S(0) S(0)* 
* d *q^2 
S(0)* S(0)* 
d^2 u*d43 
S(0)* S(0)*u* 
d^3 d^4 


S(0)* 4^4 











S(0)*u^2* 
d^3 








S(0)*d^5 


Figure 1. A five-step grid of changing of the values of a 
base asset. 


Table 1. Dynamic of the cash flows. 


Index 0 
Investments, $ 1000000 
Volume of realization of production, m? 
Revenue from realization, $ (page.2*150$) 


Current costs, $ 


Net cash flow (CF), $ (page.3 — page.4)*(1—T) | —1000000 
Net cash flow + amortization 

(page.5+A1+A2) 

Coefficients of discounting at RD = 11,9% 0.71 
Discounted net cash flow (DCF), $ 713614 


(page.6*page.7) 


We will determine the net present value (NPV) by 
the formula (3): NPV = —208382$. 

As we see, the meaning of NPV of the project is 
negative, what witnesses about inexpedience of 
realization of this project. The main source of un- 
certainty in this project 1s a demand on the realized 
product. 

The current analysis of the market witnesses that 
the demand on it is not high, but there is a potential 
for increasing of sales volumes in some time and, 
subsequently, the economic effect from the project 
will be positive. 

Accordingly, in this situation the enterprise can 
use the CALL option for expansion with a view to 
determine a real economic effect from injection of 


By making a decision to organize production of a 
heat-insulation material “ISOL” (a base project), 
PJS “Dniprotelekom” plans to enter the European 
market. For this, the enterprise must develop a new 
investment project. 

This project starts after three years from the mo- 
ment of start of a bas project. For implementation of 
the project, the enterprise plans to increase its pro- 
ductive capacities, the total amount of investments 
(K) is estimated in 1 million $. 

The project is calculated for 5 years, the foreseen 
sales volumes by each year will make 70% from the 
similar meaning of the base project. In the new pro- 
ject, as in the base one, WACC = 11.9%, however, 
in connection with different time frames in the new 
project will be changed meanings of coefficients of 
discounting, wherein, investments into the project 
must also be discounted. 

For simplification of calculations, all other parame- 
ters of the new project can be compared with the base 
project. Besides that, a price for realization of 1 m? of 
the heat-insulation material will be cxmaze 140$. 

For assessment of effectiveness of the project, we 
will build a table, which will display the cash flows 
by periods (Table 1). 


l 2 3 4 5 
8540 9074 9608 10141 10675 
1195600 1270325 1345050 1419775 1494500 
1010847 1049822 1088798 1127773 1166749 
151498 180812 210127 239441 268756 
255135 180812 210127 239441 268756 
0.64 0.57 0.51 0.46 0.41 
207357 145439 147125 146806 144890 


the project. For calculation of value of an option we 
use Black-Scholes model. 

According to this model., a price of an option is 
determined by the following formulas (7) — (9). 

For assessment of the value of an option, we will 
provide the following base data: S = 207357 + 
145439 + 147125+146806 + 144890 = 7916183; 
K = 1000000$; r = 9.5% (corresponds to profitabil- 
ity of the dollar bonds of the internal state loan); 
t = 3 years; o = 40% (thus an enterprise did not 
implement its activity on the new market, accepted 
is the mean-square deviation of the discounted 
cash flows of the competing firms); e — a number, 
which is a basis of a natural logarithm (roundish 
meaning 2.71828). 
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1000000 2 
= ——— = 0,422 


— 0.4-/3 


d, =0.422 —0.4-J3 =-0.27 

N(d2) = 0.3926 

N(d1)= 0.663 

C =791618- 0.663 —1000000x 
—0.095*3 


-0.3926 = 229654.7 


As some criteria of an index of economic effec- 
tiveness of a project we propose to use the known in 
the theory of real options index of the project’s val- 
ue (NPVopc). This index is determined as a sum of 
the net discounted value of a project, calculated by 
the method of discounting of cash flows, and the 
value of options, which are purchased by an enter- 
prise during implementation of the project: 


NPV „e = NPV +C 


opc ope ? 


(15) 


where, NPV,,. — a value, generated by a project, 
growth of a capital of the enterprise as a result of 
realization of the project in view of a real option, $; 
NPV — a net coerced value, which is equal to the 
discounted cash flow of the project, $; Cope — earn- 
ings from realization of a real option, $. 


NPV „ = -208382 + 229654.7 = 21272.7 $ 


opc 


Thus NPV,,. > 0, the project is not unprofitable 
and at changing of the market’s conjuncture it can 
be profitable, the meaning of this index, and also a 
value of the option and NPV value of the project 
will be displayed in the final Table 2. 


Table 2. NPV value of the project. 


Index Meaning, $ 
NPV ope 21272.) 
Cs 229654.7 
NPV -208382.0 


The difference between the indexes NPVopc and 
NPV is determined in the scientific literature as a 
stage of effectiveness of the real option. In many 
sources it is specified, that, according to the profita- 
ble approach of assessment of business, the market 
price of a company can increase for a sum of esti- 
mated net current values of investment projects, 
about which a company has specific advantages. 
(Kabachenko & Skrypka 2011). Accordingly, also a 
stage of effectiveness of a real option is at the same 
time a value of increasing of the value of an enter- 
prise as a result of implementation of a real option. 


4 CONCLUSION 


Methods of assessment of effectiveness of a project, 
based on account assessments (without discounting), 
is a period of payback (PP) and an accounting rate 
of return (ARR). These methods differ by simplicity 
in calculations and are used for assessment of pro- 
jects of small enterprises, which, as a rule, don’t 
inject expensive and long-term innovational pro- 
jects. The common defect of effectiveness of inno- 
vational projects is that they don’t take into account 
a range of factors, such as inflation, segregation of 
cash flows in time and risks. 

Dynamic methods of assessment of effectiveness 
of innovational projects are based on the model of a 
discounted cash flow. This group of methods also 
includes a method of the profitability index (PI), a 
net present value (NPV), an internal norm (rate) of 
return (IRR), a discounted payback period (DPP). 

Assessment with help of dynamic methods of as- 
sessment is more precise in comparison with using 
of the account methods, because it takes into ac- 
count different kinds of inflation, changes of an 
interest rate, norms of profitability. But, these meth- 
ods have a range of defects: 

-all these methods take into account only tangi- 
ble, material factors and ignore non-material (future 
competitive advantages, potential possibilities and 
flexibility in management); 

— thus the dynamic methods are focused exclusive- 
ly on the future cash flows, they ignore external fac- 
tors, which affect the value of the company, for in- 
stance, a ratio between a share’s price and an income; 

—at using of these methods 1s not taken into account 
the value of assets and other internal factors, able to 
decrease or to increase the value of the company; 

—the methods provide a non-precise assessment 
of projects with a long term of realization, because 
at late stages of process of discounting, cash flows 
will almost completely depreciate, what conflicts 
with a real situation in business. 

So, the described method of calculation of effec- 
tiveness of an innovational project allows to assess a 
value of flexibility of management at decision- 
making in response to unexpected market changes, 
and also, to take into account risks of the project and 
to make management solutions concerning choosing 
of a project and providing of its subsequent control. 
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ABSTRACT: Because of wide industry technological requirements to quality of nonmetallic raw materials it 
is necessary to develop of deposit in accordance with the map of industrial grades minerals distribution. 
Eventually, the distribution of useful components and harmful impurities are defined by the geological ge- 
netic processes which formed the deposit. We tested the industrial grade distribution by means of the spatial 
and statistical analysis on the Jelenovskyi field of carbonate raw materials. It is established that essential 
distinction of quality on every stratigraphic horizon is connected with intensity of secondary geological pro- 
cesses. The complex grade index is constructed on the basis of significant correlations between separate 
quality indicators. The development of the field is carried out according to the map of complex grade index 
for various consumers of raw materials. So the geological causes of spatial distribution of industrial grades is 
a key to improvement technology of field exploitation. 


1 INTRODUCTION 


Nonmetals have exclusive variety of material com- 
position, a wide range of physical and chemical 
properties, which ensures their wide industry appli- 
cation. For certain types of raw materials industry 
requirements limit contents of the useful and harm- 
ful components in grades. The quality of minerals is 
studied at all exploration stages, especially, at feasi- 
bility stage. The result must provide the further 
selective mining, the optimal distribution of the 
high-quality productions to customers, also maxim- 
ize the revenue of the mining company, the mini- 
mum volume of waste. The technology of gross 
extraction for non-metallic raw materials are less 
effective. So the main document of feasibility ex- 
ploration is the authentic map of mineral grades 
distribution in the deposit. Some designers propose 
to reach required quality by modern technical devic- 
es and software during the development of deposit 
(Artan et al. 2011). In this case the quality of pro- 
duction is provided as result of mixing and testing 
of raw materials. Other researchers suggest to solve 
this problem by the mathematic methods which 
improve the accuracy of technological mapping 
(Chatterjee et al. 2005). 

Making a geological map is a fundamental skill 
for any exploration or mine geologist. Any geologi- 
cal map can be considered as a model of the geolog- 
ical environment. The blunder of mapping is caused 
by inadequate model of geological object. Thus we 
need to create adequate model of geological pro- 
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cesses interaction. Methodological basis of geologi- 
cal and technological mapping of mineral deposits 
directs to solution of this problem. The way of cal- 
culation of the grade block size was proved (My- 
agkov 1984). The further developing it is received in 
practical checking on different non-metallic raw 
materials (Volkova & Vershinin 1993, Volkova et 
al. 2006, Volkova & Rogachenko 2011). The geo- 
logic factors were different, but principles of model- 
ing are similar. 


2 MAIN SECTION 


If the grade is presented by several quality indica- 
tors, the spatial grade position is defined by the 
superposition of several indicator maps. The result 
has a low accuracy due to the total error of the map- 
ping of each indicator and their spatial discordance 
distribution. Possibility of grades delineation is 
defined by coherence of indicators variability. In 
this case complex geochemical index is usually used 
for increasing of map accuracy. The index formula is 
constructed on the basis of significant correlations 
between the grade indicators. 

Authenticity of spatial distribution of complex in- 
dex is determined by the aggregate of main and 
local genetic factors. The significant correlations 
between quality indicators really exist if their influ- 
ence has the geological evidence. Thus, we need to 
prove the influence to quality of the main and local 
genetic factors within the deposit, calculate correla- 


tions and based on their receive the formula of com- 
plex grade index. The map of this index determines 
the spatial distribution of grades and can be used for 
selective mining. 

Let’s consider possibilities and practical realiza- 
tion of this way for carbonate raw materials of the 
known Jelenovskyi deposit. It is located in south- 
west part of articulation zone of Donbas with Prya- 
zovskyi megablock of the Ukrainian shield. The 
geological structure of Jelenovskyi deposit is pre- 
sented by three structural stages divided by uncon- 
formity surfaces. The lower stage is presented by 
the complex dislocated, deeply metamorphosed 
magmatic Pre-Cambrian formations. A middle stage 
includes the plicate complexes of Devonian and 
Carboniferous sediments. The upper stage consists 
the horizontally bedding sediments of Cenozoic. 
The productive strata of middle structural stage are 
presented by the sediments of Early Carboniferous. 
In structure plan it is gently pitching monocline that 
is the south wing of Kalmius-Torecky kettle. Mono- 
cline falls on a north-east under the angle of 8 — 12°. 
She is broken on separate blocks by the transversal 
bends and numerous fractures. The Alexander anti- 
cline of the second order clearly appears on the 
general background of monocline. She has the 
north-eastern trend and asymmetric structure. On 
the southward the Alexander anticline is complicat- 
ed by the system of the faults. They are oriented in 
longitudinal and diagonal directions in relation to an 
anticline. The geological structures of Jelenovskyi 
deposit are determined by three faults of the latitu- 
dinal trend. The North Volnovahskyi fault is traced 
in the north part of the deposit. Amplitude of dis- 
placement on him an about 50 m. Falling of fault is 
south-west under the angle of dip is 70 — 78°. Along 
this fault the sediments of Early Carboniferous con- 
tact with the siliceous marls of C,"e horizon and 
limestone of C,'d horizon with sand-clay slates of 
C,'d horizon. Volnovahsky and South Volnovahsky 
faults are traced through the Jelenovsky deposit 
more to south. The first fault falling is to south-west 
under the angle to 65° and displacement amplitude 
near 100 m. Along this direction early Tournasian 
rocks contacted with the limestone of C,’f horizon. 
The South Volnovahskyi fault passes in parallel to 
Volnovahskyo fault more to south. The dip angle of 
the fault fluctuates from 35° to 70°. Amplitude of 
displacement reach an about 500m. This fault is 
followed by the powerful zone of crushing and hy- 
drothermal change of the rocks. 

The limestone of Tournasian and Visean stages 
behave to the organogenic type. Tournasian strati- 
graphic stage (C,’) is located in low part of car- 
bonate strata and divided on four stratum horizons 
(from a top to bottom) C;' a, C;'b, Cyc, C,‘d. They 
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divide clearly enough on a fauna and differ in com- 
position. Total thickness of Tournasian sediments 
changes from 100m on east to 535m on a west. 
Working thickness makes 72.4m on the east to 
90.3 m on the west of Jelenovskyi deposit. Tour- 
nasian stratigraphic stage differs by alternation of 
limestone, dolomitized limestone, dolomites with 
interbeds of clay, silicified and slaty limestone. On 
the C,‘d horizon the Visean carbonate strata con- 
cordant lies. The sediments are widespread in north- 
ern part of the Jelenovskyi field. The Visean strata 
are presented, mainly, the limestone beds and divid- 
ed on seven stratum horizons. The C;"a horizon is 
presented small — and medium-grained black bitu- 
minous limestone which intercalate with bituminous 
coaly-clay shale. Its thickness is low (5 — 6 m) but 
lithological composition is constant. Industrial in- 
terest is represented by the lower part of strata. It is 
the horizons of C;"b, C;"c and, especially, C;"d. The 
composition of these horizons is similar, but the 
thicknesses are 10, 26 and 82 meters respectively. 
The sediments are presented by medium-grained 
grey and dark grey limestone. With rare interbeds of 
lime-clay slates and black flint nodules. Among the 
repetitive strata stand out strongly silicified thin 
layers and lenticular layers of shale power up to 5 
cm. A particularly large amount of siliceous layers 
located at the top and bottom of the horizon. Tech- 
nological requirements of industries to quality of 
carbonate raw materials are presented on table 1. 


Table 1. Technological requirements of industries to quali- 
ty of carbonate raw materials. 


Qualitative indicator, % 


Industries CaO MgO SiO, i i 
Metallurgy >49 <5 <2 2X<3 <0.06 <6 
Ferroalloy X= 51 
Food >95 <1.5 <2.5 Y<15 <0.02 
Cement >45 525.8 <8 <0.7 2-4 
Paper >52 lS 2 a 1 
Chemical >90 <3 <1 <05 <1 


The useful components of a chemical composition are 
the content of CaO and MgO. If they have bigger val- 
ue, the grade is higher and more expensive. The maxi- 
mum contents of harmful impurity are limited (S, P, 
SiOz, AlL,O3, Fe,O3). The chemical composition, physi- 
cal and other primary properties of limestone depend 
on facial conditions of their formation. But the second- 
ary geochemical processes have a great influence on 
quality of limestone. They usually wide spread in car- 
bonate rocks and significantly reducing the quality. The 
contents of quality indicators on every stratigraphic 
horizon of deposit are presented on Table 2. 


Table 2. Means of qualitative indicators on the stratigraphic horizons of carbonate strata. 


Qualitative Average on all 

indicators thickness, % Cia; Cia C,'tb, 
CaO 40.33 38.8 36.3 34.4 
MgO 10.6 6.6 14.7 16.1 
SiO? 2:2 7.8 2.1 2.9 
Al 0;+Fe:0; 0.67 0.1 0.05 0.04 
S-10? 6 6 8 3 
P-10° 3 3 3 3 


The difference in means of qualitative indicators 
on the stratigraphic horizons and average weighted 
on the thickness proves the advantages of selective 
mining. The most high-quality limestone belongs to 
the horizon of C;,’d. It is the top part of Tournasian 
sediments. The most low-quality limestone belongs 
to the horizon of C'a. It is the lowest lay of the 
carbonate strata which is characterized by interbed- 
ding of clays, dolomite and the dolomitized lime- 
stone. There are the most common all secondary 
processes in deposit. 


3. PRACTICAL RESULTS 


One of the major processes is dolomitization. Con- 
tent of magnesium increases in result of this pro- 
cess. This quality indicator is limited as harmful 
impurity for food and chemical industries. On the 
contrary, it is a positive factor for metallurgical 
industry because dolomites have bigger fireproof 
than limestone. Intensity of dolomitization is shown 
in different degree within the sediments of stages. 
The main part of the dolomitized limestone within 
Jelenovskyi deposit was formed by the process of 
contemporaneous dolomitization, less — epigenetic. 

The next epigenetic process is formation of sul- 
fates minerals (gypsum, anhydrite). They are 
formed in intergranular, microfractures, interporif- 
erous and karstic space. The ferruginous minerals 
(marcasite, pyrite) occur in the same places. In car- 
bonate rocks of the Jelenovskyi field the different 
form of contemporaneous flints and the frameworks 
of silica (radiolaria, sponges, etc.) find out. Silicon 
replaces calcium in fossils, reducing the content of 
main useful component. It leads to increase of sulfur 
and ferrum contents, decreasing calcium content, 
worsens physical properties and quality of carbonate 
raw materials. 

The process of leaching is the most widespread 
and negative epigenetic processes in carbonate rocks. 
There are different karst forms — funnels, caves, 
cavities, cracks, channels in the fields. The less in- 
tensive process of leaching leads to loss of rock du- 
rability. There are friable dolomites, cavernous lime- 
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Means of qualitative indicators on the stratigraphic horizons, % 


Cib Ci'c Ci'd. Ca. Cřbte Cd 
47.7 50.8 52.8 47.2 52.5 50 
3 0.7 0.9 1.4 0.9 0.9 
4.6 3.9 2.1 6.8 1.9 8.2 
0.8 0.5 0.8 2.1 0.5 0.6 
9 3 6 2 0.5 8 
3 3 3 3 3 7 


stone formed in carbonate strata. Cavities are usually 
filled with friable ferruginous sandy-argillaceous 
materials, rarely remained empty. Karst is especially 
intensively shown in zones of tectonic dislocations. 
On the Jelenovskyi field the external and internal 
karst is observed. External karst reaches the greatest 
development in valleys of the rivers and on ravines. 
The internal karst is result of interaction between 
carbonate rocks and underground waters. There are 
many water-bearing horizons, suites, complexes of 
different age on the Jelenovskyi field. The Early 
Carboniferous water-bearing horizon and Gra- 
bovskyi water-bearing suite (C;”) of carbonate strata 
have the greatest influence on the intensity of karst 
process. The karst significantly complicates conduct- 
ing mining operations as the material filling cavities 
and strongly destroyed carbonate rocks are transport- 
ed in dumps. The part of karst materials mixes up 
with minerals and worsens quality of raw materials. 
This circumstance promotes decrease in mining and 
growth of operational losses. The operational explo- 
ration has the main target to delineate and calculate 
of karst zones volumes. Unfortunately regularities of 
karst spatial distribution aren’t determined on the 
Jelenovskyi field. According to mining operations, 
the internal karst has irregular distribution both on 
the area of the field and on the separate stratigraphic 
horizons. Intensity of karst is estimated by means the 
linear coefficient of karsting. Its average value is 
16.6% on the Jelenovskyi field. The carbonate raw 
materials aren’t extracted if its value makes more 
than 50%. Therefore it is impossible to predict quali- 
ties of raw materials in mining work. 

We carried out the spatial and statistical analysis 
of quality on every stratigraphic horizons (Table 2). 
It allowed to determine the main tendencies in 
change of quality and to prove their reason. The 
quality of carbonate raw materials deteriorates with 
increasing depth. The main trend in distribution of 
quality is determined by the geological structure of 
the field. The content of the main useful component 
(CaO) increases according to the submersion direc- 
tion of layers from the south-west by the north-east. 
In general deterioration of quality is caused by the 


site of tectonic fault in the southern part of the field. 
There are raw materials with the lowest quality 
indicators especially in regional parts. High-quality 
limestone is located in northeast part of the field. 
Especially accurately these regularities are shown 
on the horizons of C,‘c and C,'d where the content 
of the main useful component (CaO) increases from 
the northeast to the southwest. Analogically on the 
horizons of C,‘a, C,'b, C;"a and C,"b+c the calcium 
oxide content increases from the south-west to the 
north-east. Generally the distribution of qualitative 
indicators is more stable within one horizon than on 
several horizons together. It allows to recommend 
the size of scrap for the deposit working off. It is 
approximately equal to the thickness of the strati- 
graphic horizon. 

For construction of complex geochemical indica- 
tors of the grade was calculated matrix of correla- 
tions between qualitative indicators. Data for re- 
search are submitted by chemical analyses of sec- 
tion tests on prospecting wells. Sampling of core on 
the horizons of C;‘a, and C,'b, was made by two- 
meter sections, on other horizons — four-meter. It is 
given in Table 3 for data sample in 1328 arrays, the 
significant level equal 0.05. 

The significant negative correlation between pair 
(CaO, MgO) is explained by replacement of CaCO; 
with MgCO; in the process of dolomitization. Posi- 
tive correlation between A/,O3+Fe,O03 and SiO, is 
determined by their joint position in space lattice of 
kaolinite. The significant positive pair correlations 
was revealed between (S, 4/,03+Fe,03) and (S, SiO2). 


Table 3. Matrix of correlations of qualitative indicators. 


Qualitative A b O3+ 


indicators Cal MgO ait FeO; $ F 
CaO 1 -0.82 -0.31 -0.42 0.01 -0.l 
MgO -0.82 1 -0.23 0.25 -0.1 -0.02 
SiO» -0.31 -0.23 1 0.51 0.23 0.25 
Al,O3+ 
FeO; -0.42 0.25 0.51 1 0.53 0.03 
S 0.01 -0.07 0.25 0.53 1 0.01 
P -0.1 -0.02 0.25 0.03 0.01 1 


*significant correlations are shown in bold 


The single significant positive correlation of 
phosphorus with silicon reflect the natural condi- 
tions of sedimentation. Contents of phosphorus are 
stable enough in strata. Paragenetic associations of 
the qualitative indicators are confirmed by the 
cluster analysis. Two associations are received. 
The first is presented by association of replace- 
ment calcium oxide with magnesium oxide. The 
second association including three indicators SiO}, 
ALO3+Fe03, S is caused by joint passing of pro- 
cesses of sulfatization, silicification and ferrugini- 
zation in the caverns. We checked that these pro- 
cesses reach maximum intensity in the caverns. By 
means statistical analysis we determined the wells 
with the most amount intersections of leached 
zones and their correlations with contents of harm- 
ful impurities. The more power caverns have the 
higher the content of these indicators on the hori- 
zon. Their minerals are fined out with sandy- 
argillaceous material in the karst space. The hori- 
zon Cb, is the most karsting (Figure 1). 


f44 





Figure 1. The power of karst on stratigraphic horizon Cy‘by: 


4 — water-bearing horizon. 


It was established that the increase of karst in 
the west connect with arrangement of the water- 
bearing horizon. Its depth is 60 to 80 meters on 
the fields. The tectonic faults on the north and 
south of the fields is the cause of widespread 
karst cavities in the carbonate rocks. Sediments 


1 — number of well; 2 — isoline of indicator; 3 — fault; 


of the C,"b+c n Cid horizons are characterized 
by the smallest karsting spread therefore repre- 
sent the carbonate raw materials the most high- 
quality. Thus, intensity of karst process is the 
action result of two genetic factors - tectonic and 
groundwater hydrology. 
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On the basis of the established associations creat- 
ed complex grade index of carbonate raw materials: 


CaO 
i.) () 
MgO + (S + P)- 10° +(4L0;, + Fe,O;) 


where K, — complex grade index. 


The boundary values of the complex grade index 
in accordance with technological requirements (Ta- 
ble 1) were calculated for different industries. The 
map of grades for ferroalloy industry are presented 
in Figure 2. 





Figure 2. The grade map for steelmaking on horizon C,'b,: 1 — number of well; 2 — isoline of grade index; 3 — the bound of 


grade gı; 4 — the bound of grade g>. 


The maps of grade spread were built on each 
stratigraphic horizon for different industries. Similar 
maps are used for detailed planning of selective 
working off deposit. On the maps we try to allocate 
the maximum area for the selective mining. But we 
have averaged the grades if the tortuosity of the 
border is too great within horizons. In this case, 
selective extraction using the existing equipment 
would be difficult. Averages should be carried out 
taking into account the loss in value due to deterio- 
ration of quality. Reserves calculation and the profit 
from the sale of raw materials for grades showed 
that it is 1.5 times higher than the gross extraction. 


4 CONCLUSIONS 


In developing the deposits of carbonate resources on 
total thickness there is a significant decrease in 
quality. In this case, the raw material of Jelenovskyi 
field can only be used cement industry. 

The variability of raw materials quality will be 
lower if the working off Jelenovskyi field would be 
based on the thickness of each horizon 3. Reduced 
quality of carbonate raw materials due to the inten- 
sity of the secondary geological processes - sul- 
fation, silicification, ferrugination. The main nega- 
tive process is karst as it essentially increases con- 
tents of all harmful impurities. 

Spatial position of grade is determined by complex 
index which is constructed on the significant correla- 
tions of quality indicators. The maps of complex 
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index provide the calculation of reserves according to 
grades. It is significantly expand the nomenclature of 
consumers and optimize distribution of production. 

This technology provides effective use of non- 
metallic resources, maximum the revenue of the 
mining company, the minimum volume of waste. 
Also it can be used for metallic raw materials which 
have essential difference in price of grades. 
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ABSTRACT. On the basis of experimental studies of hydrodynamic impact process on the coal vein 
/, —“Pugachevka” 1146m of adit level through production wells No2 PK 47, No3 PK 51+3, No4 
PK 54 + 6 at the top of longwall the dynamic pattern of methane mean daily concentration was determined in 
return ventilation air mixture before and after hydrodynamic impact on the virgin coal, and its size of 
working zone. Degassing index of coal seam in worked-out areas and the amount of extracted methane 
through underground wells were calculated, according to change of methane mean daily concentration with 
account of background concentration and amount of air, which is aerated to ventilation area. The efficiency 
of hydrodynamic impact was determined as a way to degassing intensification and reduction of gas-dynamic 


activity in the area of production wells influence. 


1 INTRODUCTION 


Intensification and concentration of mining 
operations, especially with mines deepening, are 
becoming more limited with hazardous properties of 
coal seams, such as gas emission, gas-dynamic 
phenomena, dusting, spontaneous combustion of 
coal in solid. (Puchkov & Slastunov 2006). 
Increasing load on breakage face, the pace of 
underground mining workings and mine safety, are 
particularly important in the mines of Central 
Donbass, where geological and mining conditions of 
coal mining are extremely unfavorable. In the work 
(Bondarenko et al. 2013) was developed the 
common scientifically-based points of forecasting 
technique for gas dynamics prediction in 
undermined massif during stoping area exploitation 
and after its isolation taking into account the mine 
rock movements appearing during the longwall 
development and desorption of gas from coal 
broken and crushed by shearer. The necessity of 
alternative energy sources research is dictated by the 
rising of natural gas, oil and coal costs (Bondarenko 
et al. 2010). Ukrainian proved coal reserves ranked 
on seventh place in the world according World 
Energy Council report (Falshtynskyi et al. 2014). 
Reducing the coal demand in Ukrainian power 
engineering with extraction increasing associate 
with an imbalance of it usage in the energy and 
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power sector, seasonally necessary, underdeveloped 
complex and industrial processing. 

Due to the unstable coal extraction become the 
growth of the cost and complexity of the technical 
and economic conditions and environmental safety 
in mines (Falshtynskyy et al. 2012). 

Among solving methods for these problems the 
main processes are processes of stimulation on coal 
seams which can change their condition and due to 
this they can prevent gas-dynamic phenomena 
during mining operations. 

The efficiency of stimulation methods is deter- 
mined by reduction level of essential hazardous 
characteristics of coal seam during coal extraction. 
A number of stimulation methods on seam make it 
possible to overcome the negative influence of main 
hazards and increase intensity of manufacturing 
process. However, the efficiency of these methods 
and stimulation tools are still insufficient, according 
to industrial disasters data. (Buhantsov & Porubai 
1999, Briuhanov et al. 2003). 

One of the most prospective lines of rock 
condition controlling in order to its degassing and 
decreasing gas-dynamic activity 1s hydrodynamic 
impact through wells from abandoned place. Forces 
of overburden stress and gas pressure can be used as 
active forces. As a result vibrational properties of 
the “coal seam — enclosing rocks” system are 
activated. (Gavrilov et al. 2011). 


The purpose of this research was to study the 
processes of gas emission from coal rock mass and 
to determine the efficiency of the hydrodynamic 
method of intensification of degassing and to reduce 
gas-dynamic activity of gas-saturate coal formations 
at the top of overhead longwall. 


2 MAIN BODY 


The essence of the method of hydrodynamic impact 
consists on the application of the free surface of the 
coal seam alternating loads. They are summed at a 
time with the forces of the mining and gas pressure 
to overcome the tensile strength at break of coal, 
perform work on the destruction of the free surface 
and the formation of a wider system of cracks in the 
seam thereby contributing to an increase in the 
filtration volume, intensify the process of gassing 
and redistribution of loads, which leads to a 
decrease in the gas-dynamic activity of the seam 
(Agaiev et al. 2014). 

In conducting mining and experimental works 
equipment was located in the circuit shown in 
Figure 1. 


air 


5 
Y Wi a a EN 
8 water 


6 


Figure 1. Location scheme of equipment, instruments and 
high-pressure armature: | — latch; 2 — cylinder with spring 
system; 3 — hydraulic control valve (ERA); 4 — valves; 5 — 
manometers; 6, 7 — pumping systems; 8 — high-pressure 
water hoses; 9 — High-pressure hoses for oil; 10 — casing; 
11 —cross; 12 — remote control. 


After checking on the well hermetic sealing 
possible produces a cycle of hydrodynamic impact. 

Works on hydrodynamic impact on coal seam 
through the wells in the following sequence: closed 
latch device for the hydrodynamic pump unit and 
impact technology in the well created pressure 
2—7 MPa, then produce it for the discharge of 
0.1—1.0 seconds and has been issuing coal with 
water and gas. While hydrodynamic impact of water 


370 


flow measurements were conducted and the state of 
the gas situation in the mine working. 

The subject of research on work on the top of the 
degassing overhead longwall of hydrodynamic 
impact is mountain overhead longwall which fulfills 
coal seam /,'—Pugachevka-vostok: mine named 
after FE Dzerzhinsky, and ventilation development 
conducted to prepare it. 

Seam thickness: _— geological — 0.86 — 1.10 m, 
useful — 0.82 — 0.98 m, excavated — 1.02 — 1.44 m, 
the dip angle of 58°. 

Coal seam J,’—“Pugachevka” throughout the 
excavation field is maintained by seam thickness 
and structure, one pack consists of coal, in which 
the layers are allocated different degrees of 
disturbance. The top layer thickness of 0.25 — 0.30 m 
is represented by coal semi-bright, layered textures, 
with the inclusion of sulfur pyrite lenses, fractured, 
cracked multidirectional fortress mean, I — II type of 
violation. Below -coal semi-bright to semi-mat 
consists of individual lenses with polished surface, 
no bedding, weak, prone to rashes, layer thickness 
0.02 — 0.08 m, type of disturbance II. The lower 
layer thickness 0.55 — 0.60 m — coal semi-bright, 
layered textures, with the inclusion of sulfur 
pyrite lenses, fractured, medium strength, I-— H 
type of violation. 

The presence of carbonaceous shale at the top 
significantly reduces adhesion of seam with rock 
walls and can occur spontaneously collapse of 
overhanging coal massif. Hypsometry of seam is 
homogenous. Natural gas content 19-21 m?/ 
t.d.a.fib., yield of volatile matter 29.4 — 33.4%. 
Fortress coal f=0.8—1.0, volumetric weight 
1.3—1.4m°/t. The seam J,” is dangerous to sudden 
outbursts of coal and gas and dangerous collapse of 
coal, dangerous explosiveness of coal dust, is not 
prone to spontaneous combustion, the mountain is 
not dangerous blows. 

Overlying horizon worked out on the field 
haulage drift leaving interstorey pillar 6 —7 meters. 
Plast /,” worked out previously of spent seam m3. 

Mining works is complicated by the existence of 
zones of high rock pressure hazard category 3 from 
seam /; — Solenuj. The zone extends from 42 to 106 
meters down dip, measured from the airway 

For production of hydrodynamic from air fringe 
drift 65 — 1146 m four consecutive production wells 
were drilled on seam through mineral. Parameters of 
production wells for the production of hydro- 
dynamic impact are shown in Table 1. 

As an example, Figure | illustrates arrangement 
of the well No 2 on the picket No 46. 

Dead borehole ground No 2 with 3.5 m long was 
reamed to 150 mm diameter for well casing. Casing 
was made with metal pipes with 114 mm diameter. 
Total pipes length was 4.0 m. 


Table 1. Parameters of production wells location at the top 
of the overhead longwall No 65 — 1146 m. 


Normally Amount of 
No Well ; : : 
No seam inclination to 
of length . 
of PK distance upper area 
well 
m Ls, m y, degree 
2 47 5.0 2.0 30 
3 51+3 2) 0.8 30 
4 54+6 4.5 1.3 30 
(a) 


20-30M 20-30M 





f=arctg(a,/l,) 


a,=3,6m; 1=20 m; P=10° 





Figure 2. The arrangement of production wells in venti- 
lating entry: (a) location scheme of boreholes; (b) cross- 
section location scheme of boreholes. 
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The device for hydrodynamic impact was 
installed on surface casing which length was 0.5 m. 
Water-proofing was made with cement-sand mixture 
in the ration of C:W:S-1:1:2 at a depth of 3.5 m. 
Total borehole length was 6 m. 

For methane control on the upcast at remote- 
control station sensors with automatic gas protection 
(AGP) were installed. 

The work on hydrodynamic impact on the coal 
seam was conducted as follows: valve device for 
hydrodynamic impact was closed and with the help 
of pumpset (PVI-pump and vacuum installation) in 
the production well the pressure was 1.5 — 2.0 MPa. 
After that depressurization time was about 0.1 — 1.0 
with emission of gas, coal and water. Pump sets 
were plugged from remote-control station. 
Manometers which were installed on re-mote- 
control station were controlling water pressure in 
the gate valves operation system and in seam 
injection system. 

Hydrodynamic impact through seam No2 was 
made in 10 cycles. Gas was bleeding from seam: 
methane concentration in return ventilation air was 
up by 15% and made 0.617%. Yield of coal from 
seam No 2 was 2 ton. 

Dead borehole ground No 3 with 2.4 m long was 
reamed to 150 mm diameter for well casing. Total 
pipes length of casing was 2.85 m. 

Surface casing outbreak was 0.5m. Water- 
proofing was made by cement-sand mixture at a 
depth of 2.4 m. Total borehole length was 3.4 m. 

Hydrodynamic impact on coal seam was made in 
15 cycles and 2.5 ton of coal was got. Methane 
concentration increased by 10% in return ventilation 
air. Total borehole length No 4 was 6.8 m. Borehole 
was drilled for standpipes full length. Casing was 
made with pipes about 100 mm in diameter. 

Total length of pipes was 5.2 m. Water- proofing 
was made at a depth of 4.9 m. 

8 cycles of formation stimulation through borehole 
No 4 got 0.5 ton of coal. Methane concentration in 
air current remained at the level of 0.689%. 

The efficiency of hydrodynamic impact was 
determined by degassing index, which can be 
calculated according to formula: 


; 
EA 
d y 
p 


K (1) 
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where V;— volume of gas output from the worked- 
out area of coal seam, m’? ;V,, — design gas volume in 
coal seam surface, m`. 

Volume of gas output from worked-out area was 
calculated according to formula: 


V ,=0.010, (Cc -C,)N , (2) 


where Q,,— quantity of air on the upcast zone, m° 
per day; C,— methane daily concentration in the 
upcast zone (ventilating entry), during performance 
on worked- out area, %; Cy— methane background 
concentration in return ventilation air in the zone 
(ventilating entry),before approach of face of 
longwall to worked-out area of seam and (or) after 
its approach, %; N — number of design days. 

Design gas volume in the worked- out area of 
coal seam was calculated according to formula: 


V = Sn (3) 


where S, — area of worked-out zone, m*; m — net pay 
zone of coal seam, m; y— specific weight of coal, 
ton/m*’; y —natural gas content of coal seam, 


m°/t.d.a.f.b. 
Area of worked-out zone is calculated according 
to formula: 


S, =aR>, (4) 


where Ry, — worked-out zone radius, m. 
Worked-out zone radius of the top of longwall 
was calculated according to formula: 


Ue 


pam 
s- PMY 


(5) 


According to methane daily concentration the 
volume of total gas output was calculated to its 
concentration reduction in going headway till initial 
reading in Table 2. 


Table 2. Volume of produced gas made. 


No of PK No of well Volume gas, m? 
47 2 28227 
5143 3 34481 
54+6 4 58661 


Total volume of produced gas made: 


V, = 121369 m’. 


Volume of gas in effected zone amounted to: 
Vp = 9430-1-1.3-22 = 269698 m’. 
Degassing index equals to: 


121369 _ 9 46 


d 269698 


4 CONCLUSIONS 


1. Effeciency of method was confirmed by 
degassing works and reduction of gas-dynamic 
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activity of coal seam /, — “Pugachevka” at the top of 
the overhead longwall No 65 — 1146 m Dzerzhinsky 
mine with hydrodynamic impact through production 
wells No 2, No 3 and No 4, which were drilled from 
fringe drift. 

2. As a result of hydrodynamic impact on coal 
seam the total area of worked-out zones with 
boreholes No2, No3 and No4 amounted to 
9430 m7, actual volume of produced gas amounted 
to 121369m° with calculated — 269698 m’, 
degassing index amounted to — 0.45. 

3. Methane daily concentration monitoring in 
return ventilation air from mining area at working at 
longwall work in worked-out zone showed that, 
optimum borehole length is 15 — 20 m, and distance 
between boreholes along the length of ventilating 
entry — is at least two radius of treatment. 

4.Shows of gas-dynamic phenomena during 
mining operations in worked-out areas were not 
observed. 
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ABSTRACT: For the first time for the systems of the enrichment process wastes storage in a form of the 
high concentrated pulp it was suggested a method of pipeline diameter calculation based on universal dimen- 
sionless values that take into consideration the pulp, flow and pipeline specifications. The analytic depend- 
ence between the pipeline diameter, the upper yield point, the effective viscosity, and the volume flow rate of a 
suspension, coefficients of which do not depend on the solid phase properties, the diameter or material of the 
pipeline was grounded. It was obtained the estimation of dimensionless flow rate intervals where the high 
concentrated pulp viscosity or upper yield point input into the hydraulic gradient value are dominant. 


1 INTRODUCTION 


Mining Processing Plants (MPP) are the basis for 
industrial regions of Ukraine sustainable develop- 
ment and simultaneously the source of the greatest 
environmental threat. MPPs consume the considera- 
ble amount of the primary ecological resource — 
clean water and also require more land areas for en- 
richment process wastes storage (Semenenko 2011). 
However the amount of process water becomes less 
and there is no land allotment for new wastes storages. 

In these circumstances the only way to save the 
functionality of MPPs and the sustainable develop- 
ment of regions where MPP are located is an im- 
plementation of the retrofit technologies which as- 
sume getting of the enrichment process wastes in a 
form of the high concentrated pulps (HCP) with 
more than 30% of the solid particles inclusion 
volume fraction. 

Today the technologies are known that make it 
possible to thicken the enrichment process wastes 
up to such concentration but the resultant HCP has 
rheological properties and also plastic fluid proper- 
ties appear. For those fluids the dependences of rhe- 
ological properties and some of hydraulic character- 
istics while flowing over the pipeline are known. 
Modes and operating standards of hydrotransporta- 
tion and storage technologies of such wastes are un- 
known that restrains those prospective technologies 
implementation at the homeland MPPs. 

While calculating of the hydrotransportation pa- 
rameters the goal of the calculation is the evaluation 
of the critical speed value, the hydraulic gradient or 
the pipeline critical diameter for the chosen materi- 
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al, the specified pipeline diameter with the pre- 
scribed pulp charge or the stream of supply depend- 
ing on the suspension concentration. However the 
definition of the critical speed for HCP does not cor- 
respond to the same definition for the low concen- 
trated pulps (Semenenko 2011). The most part of 
HCP generated from the enrichment process wastes 
are plastic fluids and correspond the Bingham- 
Shvedov Rheological Law. Some researchers offer 
to calculate the critical speed for HCP according to 
the condition of the complete flow core destruction 
and structural flow regime finishing (Svitlyi & Krut’ 
2010, Krut’ 2002). Other scientists suggest to use 
the evaluation of input into the hydraulic gradient of 
an item that contains the viscosity of the suspension 
(Semenenko 2011, Kirichko 2012). 

This work has as its goal to ground the possible 
modes of operation for the hydrotransportational 
complexes that provide enrichment process wastes 
storage in a form of and also to develop the method 
of their designed calculation. 


2 MODES OF OPERATION GROUNDS 


For the grounding of the modes of HCP pumped 
flow regimes it is reasonable to overwrite the de- 
pendence for the hydraulic gradient using the di- 
mensional quantities scales included into it (Svitlyi 
& Krut’ 2010, Kirichko 2012): 
Q 


= +=, 
A u 


- 3G 
tO 


(1) 


a= Po, (2) 
aD’ 

ian (3) 

t= OT, s (4) 

7 = Bn , (5) 


where i — hydraulic gradient; 2 — upper yield point 
module; 4 — rate of discharge of hydrotransportation- 
al complex line (Semenenko 2011); 0 — water densi- 
ty; g — gravity acceleration; 7% — upper yield point 
(UYP); 77 — pulp effective viscosity (EV); OQ — HCP 
volume flow rate; Tt) —UYP effective value; 


~m 


mn — EV 
a, P— coefficients of approximation indices of the 
Buckingham’s complete equation solution. 

The expression (1) includes two items, each of 
them dominates in its flow regime. The first item 
dominates in the Shvedovskiy regime, the second 
item dominates in the pseudo-laminar regime. Thus 
the Bingham’s regime is the flow regime where the 
influence of both of the items is comparable to each 
other (Krut’ 2002). 

It is not difficult to show that the Shvedovskiy re- 
gime is realized with the volume flow rates complying 
with the following inequation (Krut’ 2002, Shvorniko- 
va 2010, Svitlyi & Krut’ 2010, Kirichko 2012): 


effective value; D — pipeline diameter; 





0<Q;, (6) 

Os =0.1-On, (7) 

po, (8) 
si 


the hydraulic gradient in such regime can be calcu- 
lated by the formula: 


~N 


= (9) 


where Q: — line input equivalent value. 


In much the same way for the pseudo-laminar re- 
gime the volume rate should be (Krut’ 2002, Shvor- 
nikova 2010, Svitlyi & Krut’ 2010, Kirichko 2012) 


O, SQ, (10) 
Q, =100., (1) 


the hydraulic gradient in this regime can be calcu- 
lated by the formula: 
i=1.1- g 

u 


(12) 
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after simple transformations it can be rewritten in 
this way: 





p A0 
"Py 122D° > (13) 
a =11 B=, (14) 


where A. — adjusted coefficient of hydraulic friction. 


For the grounding of an adequacy of using the 
suggested formulas it is necessary to investigate 
their correlation with the limit values of Reynolds 
criterion: 





Re= kr© i (15) 
I~ 
Kr = o. (16) 
1] 


On the basis of the expression (15) and taking in- 
to consideration the inequations (6) and (10) the fol- 
lowing limitations for Reynolds number in the 
Binghamovskty flow regime were received: 


0.1Kr < Re <10Kr. (17) 


According to this the hydraulic gradient is calcu- 
lated by the formula (13). 

In HCP flow regimes for which the Reynolds 
number value exceeds the upper limit from the set 
of inequalities (17), the hydraulic grade can be 
calculated by the formulas (12) and (13). While the 
exceeding of the HCP consumption and the start of 
the turbulent conditions the hydraulic calculation 
for the hydrotransportational complex 1s calculated 
similar to the flow regime of the low concentrated 
hydromixture but the coefficient of hydraulic fric- 
tion in the formula (13) is calculated by the fol- 
lowing expression (Svitlyi & Krut’ 2010): 


0.075 
Ap =. 
Re 





(18) 


where Ar — coefficient of hydraulic friction for the 
turbulent flow regime. 

Alternatively to the majority of all known rec- 
ommendations the inequations (17) take into con- 
sideration not only the rheological parameters of 
HCP, the density of the solid phase particles but al- 
so the pipeline diameter. The adherence of Reynolds 
criterion limits (17) as it is not difficult to show make 
it possible to implement the core or structure flow re- 
gimes of HCP for the relative flow core radii over the 
range between 0.132 — 0.753. 


3. DESIGNED CALCULATION 


The designed calculation 1s made with the aim to 
fix the pump applicability factors that are the pipe 
diameter and the pumps total pressure head and 
that are necessary for the scheduled parameters 
and operative modes for the hydrotransportational 
complex if to follow the conditions (17) and the 
given pulp intake (Krut’ 2002, Svitly1 & Krut’ 
2010, Kirichko 2012). 

With the given productivity of hydrotransporta- 
tional complex for HCP: 


O,<O<@,, (19) 


it is easy to introduce the limits in a form of the 
pipeline diameter limitations: 


0.464 < 2 





< 2.154, (20) 
DR, 
Ry = [Ee (21) 
RT, 


and corresponding limitations for the hydraulic 
gradient: 











~4 ~4 
0.511, Li z i < 23:729 | 7%; (22) 
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where Qp — scheduled suspension flow; R« — pipe- 


line typical radius. 

Formulas (20 — 21) allow to choose the possible 
pipeline diameter variation range and the necessary 
pipe pressure due to the given consumption, the 
concentration and the rheological properties of the 
pulp. For that firstly the relative input of the instal- 
lation is calculated: 


qa, (23) 
Ox 
~4 
T 
On =——; (24) 
nT) (Dog 
where g-relative input of the installation; 


Ox — rheological input module. 

Then due to the q value limits of the acceptable 
values for pipe diameters and pumps pressure are 
calculated: 


0.433/q —— < D< 2.03g —>, (25) 
Pog PoE 


0.51k,L 
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+ pAZ < yH(O,)< + pAZ, (26) 
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where H(Qp) — flow pump pressure certified value 
with the input of Op; y — coefficient of recalculation 
of consumption and pressure peculiarities (CPP) of 
the pump changing water to HCP; AZ — difference of 
line dead lifts; kz — coefficient that takes into consid- 
eration local hydraulic resistances. 

Formulas (23) — (26) make it possible to estimate 
the variation ranges of mentioned values. For calcu- 
lating of the specific value it is necessary to choose 
the pump an operational field of which will obey all 
the parameters (26) and then to calculate the modified 
pressure linear head: 


7H (Qp)— pAz 
kal i 


i = 


(27) 


and to estimate the necessary pipeline diameter val- 
ue with the solution of the equation (27): 


160, 
4 9 
PogD  pogaD 
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(28) 


where i — modified pressure linear head; p — rela- 
tive density of the suspension. 

The equation (28) according to D is not complete 
algebraic quartic equation that after simple substitu- 
tions can be reduced to: 


yi +@-1=0, (29) 
eo IS (30) 
Mogi D 
Ge | Poet (31) 
Pogi \ 7Qp 


Real roots of the equation (29) are cross points 
of quartic parabola with turned up branch lines 
and parabola vertex in the coordinate origin and 
direct line that cross axis of ordinates and axis of 
abscises in points (0; 1) and (@'; 0) respectively. 
Function charts of such functions always inter- 
cross in the first and the second quadrants of the 
coordinate plane. In this case there can be only 
two cross points. On the ground of this it can be 
concluded that the equation (29) has two real and 
two complex roots thus it can be represented in 
the following form: 


(ye —¢?v-e? +a?}=0, 


where e, f, c, d— real numbers. 

Removing the parentheses in the expressions (32), 
collecting similar and equating expressions for coef- 
ficients with argument coherent degrees to coeffi- 
cients in the equation (29) the system of non-linear 
algebraic equations to figure out e, f, c, d is ob- 


(32) 


tained. The solution of this set of equations resolves 
itself into finding the real roots of cubic equation 
with constantly positive discriminant. Thereby con- 
sidering that the root of the equation (29) must be 
real and positive, analytic expression for calculation 
can be shown in the form of: 


n_a 


yo 
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| 256 | 256 
o(@) =3} |————- 4.1 -3] J_ = - 1. 34 
(9) 270° +1 276° +1 C4) 


The solution that was obtained fixes considerably 
nonlinear connection between pipeline diameter that 
is prescribed by the consumption and rheological 
properties of HCP. It is possible to use this depend- 
ence only with the help of special tables or compu- 
ting machinery. From the expression (30) it can be 
seen that pipeline diameter value that is inversely 
proportional to the root of the equation (29). The 
numerical analysis of the dependence (33) illustrates 
that value that is inversed to the equation solution 
can be approximated with engineering relevance as 
a linear function (Figure 1, 2), that makes it possible 
to use the following formula instead of the consid- 
ered expression (Table 1): 


Op 
2|—__—, >’ 
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2 Pogi Pogm 
where œ, B’ — approximation indices. 
Table 1. Coefficients of functions in the formula (35). 
Value of Values of coefficients ó 
variables a’ B R 
12<0 0.9976 0.1048 1.0000 
0<1.2 0.3921 0.9721 0.9871 


According to the value that is calculated using the 
formula (35) from the pipe range it is chosen the 
proximal larger diameter. Then the adherence to the 
specifications (25) is checked. In a case when it is 
satisfied it is calculated by the formulas (27) and 
(26) the pressure loss and the prescribed pipe pres- 
sure are adjusted. 

The designed calculation is finished by the condi- 
tions checking (19) and the estimation of motors ca- 
pacity of chosen pumps with the reserve in 30%. 
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Figure 1. The dependence of value y! on the parameter 0 
for 1.2<0. 
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Figure 2. The dependence of value y” on the parameter 0 
for 0< 1.2. 


4 CONCLUSIONS 


1. Thus for the first time for the systems of the en- 
richment process wastes storage in a form of HCP it 
was suggested a method of pipeline diameter calcu- 
lation based on universal dimensionless values that 
take into consideration the high concentrated pulp, 
flow and pipeline specifications. 

2. For the first time it was grounded the analytic 
dependence between the pipeline diameter, the up- 
per yield point, the effective viscosity, and the vol- 
ume flow rate of a suspension, coefficients of which 
do not depend on the solid phase properties, the di- 
ameter or material of the pipeline. 

3. It was obtained the estimation of dimensionless 
flow rate intervals where the high concentrated pulp 
viscosity or upper yield point input into the hydraulic 
gradient value are dominant. 
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ABSTRACT: Techniques to assess integral risk of diseases have been analyzed; it has been determined that 
any of the studied techniques cannot take into account use of means of individual protection of respiratory 


organs (MIPRO). 


1 INTRODUCTION 


Topicality. Coal dust is the basic factor of occupa- 
tional diseases of respiratory organs for preparation 
plants staff. Large concentrations of coal dust can 
also decrease safety production level due to de- 
crease in both natural and artificial light at working 
places increasing risk of high accident rate. Electri- 
cal fitters of crushers and conveyors operators are 
those who have the highest level of respiratory or- 
gans diseases. 

It is impossible for the available dust control sys- 
tem to reduce dust concentration during basic opera- 
tional processes down to the permissible level. 

The problem statement. To decrease the disease 
level among mining and preparation plants staff 
analyze techniques to assess risk of occupational 
diseases origination and determine safe operation 
period in terms of dust contact (until pathological 
changes appear) for each job; calculate permissible 
dust burden being safe for human. 

Analysis of recent published papers. Preparation 
plants were subject to chemical analysis of dust 
(Labour safety 2010); silicone dioxide, copper, iron, 
sulphur, calcium, aluminium, and cobalt have been 
found out. According to paper (Yanova et al. 2005) 
crystalline silicone dioxide and copper have fibro- 
genic effect on the workers. Air of crushing plant 
contains the highest level of silicone dioxide 
(23.4%). Disperse composition of dust at working 
places is of 2.1—5.0 mcm; thus it can penetrate 
deep into respiratory organs, besides if dust is pre- 
sent in pulmonary alveoli for a long time, then it re- 
sults in occupational diseases (Golinko 2001). To 
determine safe dust contact working period (until 
pathological changes appear) foe each job connect- 
ed with dust release, permissible dust burden is cal- 
culated to be further compared with a value of actu- 
al dust burden of a worker. 
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2 THEORETICAL STAGE 


Several approaches to normalize dust burden are 
available today. Some of them are based on the 
roentgen diagnosing or on the principle of maxi- 
mum changes in lungs (pathomorphological chang- 
es). Others are based on the determination of dust 
control mass depending upon permissible dust con- 
centration and average working experience. In Rus- 
sia they apply formula by Tkachov to determine 
dust burden (Labour safety 2010): 


R =8.6x] + 6.0x3 +19.4x3k] + 6.4x4kzk3 , (1) 


where R-integral coefficient of disease risk; 
x, — the age of a worker, years; x» — total working ex- 
perience, years; x; — working experience involving 
dust contact, years; x, — dust burden, g; kų — coeffi- 
cient involving SiO, content (being within 0.6 — 1.2); 
ky — coefficient involving mineral composition and 
dust concentration in the air (it is within 0.47 up to 
2.2 depending upon the exceed of permissible dust 
concentration in terms of dust in working zone air be- 
ing true for coal dust if it contains up to 5% of free 
silica); k — coefficient involving labour intensity (be- 
ing within 1.1 — 1.8). Disease risk of miners is deter- 
mined depending upon integral index value (Table 1). 

It is based on the results of medical examinations 
of workers’ groups who had intensive contact with 
high dust concentrations in terms of ore mines. 
Moreover, disease risk R as well as critical values of 
dust burden can be calculated using formula by 
V.S. Beletsky (Yanova et al. 2005): 


R=3.88-10 6032 , (2) 


Disease risk can be assessed on the formula ac- 
cording to Kudinov technique (Golinko 2001): 


R =1-exp(23.8-0.372PT)-10° . (3) 


Table 1. Disease risk for the staff of mining enterprises depending upon integral index R. 


Integral 1000 1151 1201 1251 1301 
index 1150 1200 1250 1300 1350 
a upto2 5 10 20 30 


Pathomorphological changes in lungs can help di- 
agnose initial signs of pneumoconiosis originating 
long before roentgen diagnosing (according to 
V.V. Sukhanov). The researcher proposed following 
index to determine them (Testing technique for dust 
respirators 1996): 


-5 
oala ooa AI: ail 
o{N — B)x, + 0.23450x, +0.046CO 
x epo 24 2. 75- z] x > (4) 
N+1/)|K 


where a= exp -0.3069- 4142220 , 
(V +2) 


b =—-134.84 + 67.99 expx 


(0.14777 ~0,00252V 7 +0.0113.N — 


-0.00007 } AOS ee L 
N 


where x, — the age of a worker, years; V — the level of 
coal metamorphism, %; K — the coefficient involving 
dependence of coal metamorphism level upon patho- 
genic dust effect (being within 0.388 up to 1.26). 

According to calculations by V.V. Sukhanov, safe 
level of changes when risk of pneumoconiosis is ex- 
cluded is Dp = 0.426; the whole range in 0 to 6. 

Using the value one can identify safe labour condi- 
tions and adequate control dust burdens. 

To assess occupational disease risk A.I. Fomin 
proposed following formula having based upon nu- 


merous experiments (Sanitary regulations and 
standards 1996): 
R=ae”, (5) 


where x — working experience; a and b are re- 
gression coefficients determined upon labour com- 
plexity with the help of certain tables (Sanitary 
regulations and standards 1996). 

In foreign publications concerning the problem, 
works by M. Reisner and D.S. Muir should be not- 
ed; they proposed to calculate total disease risk ac- 
cording to the formula (Sololdilov 2006). 


b 
R =1-]| exp- (=) i (6) 


a 
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where X — exposure dose of respirable dust, mg/m’; 
a—scale parameter; /—a parameter of “Weibull” 
model form. 

According to various experts values of a coeffi- 
cient is within 31.5 — 92.8 and as for p coefficient 
they are within 1.14 — 2.22. Values of these coeffi- 
cients being the most common ones are a = 54.0; 
B= 1.72. 

German scientists have determined the value of 
exposure dust dose for 35-year working experience. 
However, they stress that disease risk depends not 
only upon respirable dust concentration and working 
experience but also upon specific dust hazard. In 
Germany safety rules for coal enterprises separate 
working places not only according to respirable dust 
fraction concentration but also on quartz (SiO,,) con- 
tent in the air. For example, if quartz content is less 
than 5%, then depending upon respirable fraction 
working places are categorized as follows: category 
1 —up to 5 mg/m3; category 2 —5 to 9 mg/m’; cate- 
gory 3—9 to 14 mg/m°. If quartz content is more 
than 5% then: category 1 — up to 0.25 mg/m’; cate- 
gory 2—0.25 to 0.45 mg/m’; category 3—0.45 to 
0.6 mg/m’. If dust content is more than permissible 
one of category 3, then operations are prohibited. It 
is determined that miners cannot work for more than 
500 shifts at the working places of category 3 during 
5-year period. Those who have worked for 500 shifts 
are transferred to the working places of category 1 or 
2. They are under constant health control for the ini- 
tial signs of pneumoconiosis to be diagnosed. 

In our country safe operation period is calculated 
depending upon a value of CD control dust burden 
(Table 2) (Kozlova 1981) by: 


RUH 


3 RESULTS AND DISCUSSION 


All analyzed techniques to prognosticate dust ethi- 
ology diseases are based upon the values of shift av- 
erage dust concentration (some of them concerns 
only respirable one), working experience, and dust 
properties. However, each author has own mathe- 
matical form of disease risk dependence upon the 
given factors. Try to compare their calculation data 
to determine the most reliable technique to use it in 
future for substantiation of permissible working ex- 


perience and assessment of disease risk level de- 
crease if MIPRO are available. To do that various 
shift average dust concentrations with up to 2% free 
SiO content were taken; working experience of 15 
and 39 years was considered. Lung ventilation value 
was 30 l/min; working shift was 6 hours; worker’s 


age was 35 if working experience was 15 years and 
50 if working experience was 30 years. Table 2 
demonstrates calculation results concerning pneu- 
moconiosis origination in terms of contact with dust 
having various shift average concentration; different 
formulas were involved. 


Table 2. Calculation of pneumoconiosis origination according to data by Beletsky, Kudinov and Sukhanov. 


Shift average dust 
concentration ın 
the air, mg/m? 

5 0.050 
10 0.406 
30 11.213 
50 52.447 
62 100 
142 — 
150 — 
155 — 
200 — 
285 — 
300 — 
350 — 


Disease risk according to 
V.S. Beletsky, % 


Note that according to B.S. Beletsky it is impossi- 
ble to calculate disease risk in terms of working expe- 
rience as the formula expresses only dependence of 
disease risk upon dust content. Working experience 
has certain effect on the values of correction coeffi- 
cients. It is difficult to understand how labour com- 
plexity according to dust concentration in the air is 
considered; it is also difficult to involve labour char- 
acter of workers performing more difficult operations 
as more dust is inhaled. Moreover, mechanism of cor- 
rection coefficients determining is not clear; it com- 
plicates calculation of working period both per shift 
and per the whole working period. Formulas by 
Kudinov and V.V.Sukhanov allow making more 
precisely prognosis of disease risk possibility com- 
paring with the formula by the previous author. The 
formulas take into account working experience and 
the amount of dust accumulated in the lungs. Howev- 
er, according to Kudinov it is impossible to assess 
disease risk at low dust concentrations while accord- 
ing to V.V. Sukhanov if dust concentration is about 
60 mg/m, then disease probability is about 50%. At 
the same time if there are high dust levels (more than 
300 mg/m’), then both techniques of disease risk as- 
sessment propose 100% of pneumoconiosis. It should 
be noted that while calculating probability of disease 
origination, technique by V.V. Sukhanov involves pe- 
riod of dust presence in worker’s lungs, i.e. not only 
when a person was in direct contact with dust but also 
how much time passed after the contact. 


Disease risk according to 


Disease risk according to 


Kudinov V.V. Sukhanov 
15 years 30 years 15 years 30 years 
— — 0.26 0.35 
— — 0.32 0.43 
— — 0.39 0.52 
— — 0.44 0.57 
— — 0.47 0.60 
— 0.20 0.63 0.78 
— 0.69 0.65 0.80 
— 0.83 0.66 0.81 
— 1.00 0.75 0.91 
0.25 — 0.93 1.10 
0.69 — 0.96 — 
0.99 — — — 


Table 3 shows calculation results for integral index 
and pneumoconiosis disease risk according to for- 
mula by V.V. Tkachov. The obtained indices also il- 
lustrate that low concentrations of air dust within 
working area result in minor disease chance to com- 
pare with data by V.V. Sukhanov formula. Howev- 
er, it is impossible to say about more precise calcu- 
lation technique for the disease risk as every author 
carried out research under specific conditions with 
certain disperse and mineral dust composition and 
its particles form, found out mathematical depend- 
ence which took into account labour organization, 
resting time rules, climate, health status and other 
factors typical for definite objects. 

Analysis of data concerning the disease risk ob- 
tained according to A.I. Fomin formula (Table 4) 
helps conclude that the values of empirical coefficients 
have been developed for specific job in Kemerovo re- 
gion (Russia). The data involved only average dust 
concentration which makes it impossible to use them 
to calculate the disease risk without extra specification 
of correlation dependences on labour conditions, dust 
mineral composition, and complexity of operations in 
terms of certain object. Table 5 illustrates calculation 
results using formula by Muir if a=52 and f= 1.4. 
Determination of the disease risk using the technique 
to compare with national ones is based upon respirable 
dust concentration in lungs. We can see that the ob- 
tained values coincide to some extent with the results 
obtained using a technique by Sukhanov. 
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Table 3. Calculation of pneumoconiosis origination risk according to V.V. Tkachov formula. 


Disease risk according to Tkachov 


Integral value of R 


Shift average dust a 
disease risk if 


concentration in the workin 


Disease risk if 


8 


Integral value of R 
disease risk if 
working experience is 


Disease risk if 
working experience is 
15 years, % 


15 years 


air, mg/m? ae is experience is 
15 years, % 
40 988 up to 2 
62 1089.4 up to 2 
80 1241.4 20 
90 1325.9 30 
100 1410.4 50 
110 1494.9 60 
120 1579.4 80 
140 100 


30 years 

1162.6 up to 5 

1263.9 10 
1416 50 

1500.5 60 
1585 70 

1669.5 90 

1753.9 100 


1748.3 


Table 4. Calculation of pneumoconiosis origination risk according to A.I. Fomin formula. 


Values of coefficients 


Working experience, years 


Shaftman 


Job 
a 
0.0009 
Shearer operator 0.0006 
Miner dealing with mine 0.0003 
working support 
Miner dealing with material 0.00001 
delivery 
Miner-electrical fitter 0.0003 
Overman 0.000009 
0.00001 


b 15 30 
0.1231 0.0057 0.03615 
0.1382 0.00477 0.0379 
0.1571 0.0032 0.00334 
0.1871 0.000166 0.00274 
0.0992 0.00133 0.00588 
0.2363 0.000312 0.01078 
0.1817 0.000153 0.00233 


Mining adjuster 


Table 5. Calculation of pneumoconiosis origination risk 
according to D.S. Muir formula. 


Disease risk if 
working 


Disease risk if 


Exposure dose Sonne 


of respirable : l 
dust, mg/m’, experience 1s experience is 
15 years, % 30 years, % 
0.18 0.03 
5 0.33 0.15 
10 0.45 0.43 
30 0.55 1.00 
50 0.70 E 
62 0.96 E 
142 0.98 _ 
150 0.99 _ 
155 1.00 = 


To assess labour conditions at mining enterprises 
an index of disablement professional risk taking into 
account factors of working environment and labour 
process, period of their effect on those who work, 
actual values of disability, number of workers with 
the recorded occupational diseases as well as aver- 
age registered number of workers. 
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Index of K,,. professional disability risk is deter- 
mined as follows: 
"nki 

> BIT, 

l 

"ik 
where BIM; — calculated disability value of workers 
of k? job of i subdivision: Nki — the number of 
workers of k” job of i” subdivision having recorded 
occupational diseases; n; — average registered num- 
ber of workers of k” job of i” subdivision. 

Hazard of labor conditions in production work- 
shops or within sites is determined by means of gen- 
eralized index of professional disability risk: 


k 


(8) 


2 


pk 


J 
>k pki 


py =~ 
Ws 


where K,,;; — the index of professional disability risk 
for workers of k” job; n _— average registered num- 


ws 


ber of workers of certain structural subdivision; j — 
the number of jobs in the subdivision. 

To determine index of professional disability risk 
for the whole enterprise professional risk indices are 


k (9) 


calculated for each structural subdivision (K,.j, 
K,52.. K,s) being identified as arithmetical average 
of indices calculated on structural subdivisions: 


k nip. T 


; (10) 


ls 
where i, — the number of the enterprise structural 


subdivisions. 

The developed indices of professional risk make 
it possible to: give qualitative assessment of labour 
conditions effect on disability level; determine dy- 
namics of changes in professional disability risk 
values depending upon working experience under 
hazardous conditions; develop technical solutions as 
for timely taking workers out of hazardous labour 
conditions as well as possibilities for rational staff 
use; have thorough study of labour conditions for 
jobs having highest levels of disability risk; assess 
social and economic efficiency of measured con- 
cerning labour conditions improvement to select the 
most important ones. 


According the technique by W. Shewhart we pro- 
pose implementation of criterion to react on profes- 
sional risk index change in terms of mining enter- 
prises. To do that average arithmetical values of risk 
indices have been calculated in the context of stud- 
ied jobs groups as well as their o mean-square devi- 
ations. Two control boundaries have been identified: 
both lower and upper warning limits have been es- 
tablished as: 


Ap Oe pee (11) 
both lower and upper reaction limits have been es- 
tablished as: 


ss RRi e (12) 


Table 6 gives calculation results of professional 
disability risk for different jobs at preparation plants 
as well as warning limits and criteria to react on 
changes in labour conditions. 


Table 6. Calculation of professional risk index and reaction limits as for changes in labour conditions for basic jobs in field 


of mineral preparation. 


Improvement of labour 


Deterioration of labour 


Job Ka z conditions conditions 
Kpk— 0 Kpk— 20 Kpk + 0 Kp + 20 

Open-pit mining (crushing plant) 
hee 10.848 1.964 8.884 6.921 12.812 14.775 
operator 
Conveyor 3.167 0.573 2.594 2.020 3.740 4.314 
operator 
oe 4.966 0.899 4.067 3.168 5.865 6.764 
fitter 
Control-panel 2.423 0.439 1.984 1.545 2.862 3.301 
operator 
crane 6.214 1.125 5.089 3.964 7.339 8.464 
operator 


4 CONCLUSIONS 


If values of risk index is close to Kpy + o limit, then 
o labour conditions deteriorate and professional 
disease risk increases. If K, is close to K, +20 
limit, then level of occupational disease experienc- 
es rapid increase. To the contrary, if K,; values ap- 
proach K,,—o mark, then labour conditions im- 
prove owing to implementation of efficient 
measures aimed at occupational disease prevention. 
If K,, values are either equal to K,;— 20 or exceed 
it, then labour conditions experience considerable 
improvement. 

Thus, having analyzed calculation data according 
to techniques proposed by different authors we can 
conclude that unified assessment technique for disa- 
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bility risk taking into prompt account sharp changes 
in dust concentration, decrease in dust burden by 
means of MIPRO use, preventive medical measures 
is not available today. Some techniques are out of 
using a value of dust burden to predict disease orig- 
ination. 
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ABSTRACT: The urgency of the question of selection mechanization structures in cyclic-flow technology 1s 
grounded. In accordance with worked up fundamental statements the stages of selection basic equipment in 
cyclic-flow technology schemes are recommended. The tendency of varying selected estimate indices is 
determined depending on the annual transport volume and the height of rock mass hoisted by conveyors. 


| PREFACE 


The employment of cyclic-flow technology (CFT) is 
one of the cardinal directions of technical re- 
equipment and intensification of mining operations 
in the open pits where deep-bedding deposits of 
mineral resources are developed. The improvement 
and rising the efficiency of this technology is 
grounded on progressive designing, technical and 
technological solutions. 

Technological solutions should stipulate open pit 
space forming during the whole period of open pit 
development, providing the required movement of 
the SFT system’s equipment without long-term 
failure its rhythmical pace of operation in the re- 
gime of technical potentialities maximum applica- 
tion. This is possible if fundamental solutions on 
open pit’s development up to its final depth are 
taken, that is both the procedure and period of its 
construction are determined as well as the mode of 
mining operations, productive capacity, the duration 
and stages of development, open pit transport tech- 
nological schemes, the moment of CFT introduction 
and others. At the stage of current mining operations 
performance it is highly necessary to foresee prepa- 
ration of needed sites and workings for the crush- 
ing-conveying system’s (CCS) equipment arrange- 
ment in case of its movement to a new place of dis- 
position as well as transport lines for its installation 
and following maintenance. 

These fundamental solutions, equally with geo- 
logical and mining-technological conditions, present 
basic information for selection mining and transport 
equipment employed for development deep-bedding 
deposits of hard mineral resources. 


385 


Technical CFT re-equipment proceeds the path of 
making new equipment that meets the variety of 
geological and mining-technological conditions 
most completely as far as the open pit’s depth in- 
creases. First and foremost, the development and 
making prospective CCS equipment should be men- 
tioned, that is high-capacity mobile crushing and 
transferring sets (CTS) and steep-inclined belt con- 
veyors well adapting in changeable open pit space. 
This direction is broadly developed in foreign coun- 
tries. The efficiency of employment mentioned 
above equipment is approved by many researches 
(Martinenko & Elias 1996, Melnikov et al. 1995, 
Yakovlev et al. 1997, Yakovlev 2003, Vorriss et al. 
2008 and others). The equipment of mining-loading 
and assembly transport CFT units is also being con- 
stantly modernized. New excavators and trucks’ 
models are presented. 

In the conditions of improving the technology of 
open pits development, permanent mining and 
transport equipment modernization the task of selec- 
tion rational CFT mechanization structures and its 
methodological backing is always urgent. 


2 THE RESULTS OF INVESTIGATIONS 


A great lot of investigations are devoted to CFT 
equipment selection. In home practice the efficiency 
of employment in the structures of CFT mechaniza- 
tion is in most cases estimated basing on the known 
economic criteria (capital outlays, operating costs 
and reduced costs). For grounding the most efficient 
structure of CFT mechanization it is specified, what 
factors are to be considered and what criteria are to 
be followed when selecting basic equipment. But 


practically, however, the light is not thrown on the 
fact, by what procedure specific CFT features and 
some equipment operating indicators are considered 
when optimizing mechanization structures. In terms 
of methodological supporting the selection of truck- 
conveyor transport equipment the work (Vasiliev & 
Yakovlev 1972) should be mentioned. The econom- 
ic-mathematical model of selection the optimal set 
of parameters of mining-loading, truck and crush- 
ing-conveyor equipment as well as fashions of con- 
sidering various factors are cited in the work. 

In the work (Simkin et al. 1985), devoted to inte- 
grated mechanization of CFT technological process- 
es, principle requirements both to the equipment 
schemes and components and calculation the param- 
eters of some kinds of equipment are adduced. With- 
out stating scientifically grounded methodology of 
equipment selection, the system approach to estimate 
its operation is recommended with due regard for the 
parameters and adjoining technological processes 
interrelation. For this, the costs for final product 
manufacture are considered as a criterion. 

The necessary condition of rational CFT systems 
forming is the coordination of equipment of adjoin- 
ing interacting units of the system in their capacity 
and operation time. Keeping to this condition in 
practice is complicated. The difficulties consist in 
conversion the assembly transport discrete freight 
traffic into continuous freight traffic of certain value 


in any moment of time planning the CCS operation. 
This is conditioned both by different reliability of 
transport facilities, rigidity of equipment link and 
the stochastic nature of adjoining units’ interaction. 

In the units of mining-loading equipment and as- 
sembly transport the rigid link among separate ele- 
ments is absent, thus the failure in any elements in 
them doesn’t bring to CFT system outage. It can 
operate with reduced capacity up to the replacement 
or re-conditioning serviceability of the equipment 
that has failed. The failure of CCS equipment with 
consecutive elements integration greatly influences 
on the whole CFT system operation, breaking down 
its rhythmic pace. This fact indicates that the CCS 
operation mode is defining for the whole CFT sys- 
tem and points to the necessity of considering the 
equipment reliability when determining the duration 
of efficient CCS operation. 

The mode of CCS operation is described by both 
the time of its efficient operation and downtimes for 
different reasons. The analysis of CCS operation in 
the iron ore open pits has displayed that there exist 
downtimes in between shifts (casual, short-term, as 
a rule) and integral-shift downtimes, having the 
break duration in some unit of the equipment divisi- 
ble to the time shift. The CFT system’s downtimes 
in between shifts define the probable capacity de- 
crease in separate units and in the whole system 
(Table 1). 


Table 1. The equipment capacity decrease in adjoining technological units and in the whole SFT system. 


Technological unit 


of the system I Il Ill IV V 

ONO 9.5 13.8 12.4 13.3 13.3 

2.1 2.7 2.33 1.8 2.0 
Trucks” unit 085 225 205 12 12 
Crushing-conveyor 5.6 7.8 6.0 5.9 5.3 
systems 5.4 7.0 5.4 5.6 4.0 
Crushing ‘ill Lis 085 Q6 20 13 
The CFT system 17.1 247 211 224 21.1 
as a whole 2.1 2.7 2.3 1.8 2.0 


This indicates the urgency of considering the in- 
fluence of adjoining technological units when both 
the CCS operation mode is determined and equip- 
ment is selected. The kind of downtimes in between 
shifts considered by calculation the efficient (net) 
time of CCS operation and their quantitative values 
are cited in Table 2 (Yakovlev et al. 2001). 

Owing to stochastic nature of the CFT equipment 
interaction its downtimes in adjoining units are not 
possible to be completely matched. Thus, the task of 
cyclic units is to provide for the CCS hour-long 
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Average-shift capacity decrease by months, % 


VI VI VII IX X XI XII 
13.0 15.1 13.6 14.0 139 143 16.5 
1.9 2.9 1.9 3.0 2.7 23 Dol 
0.85 0.65 0.65 0.95 0.65 0.7 0.2 
4.0 5.6 5.6 7.3 6.1 5.4 4.0 
1.15. 2.15 1.45 1:65, “275 Ad 1.0 
19.6 250. 22.1 24.8 24.7 22.8 22.6 
1.9 29 1.9 3.0 Del. 22 2.1 


capacity that is necessary for execution the planned 
annual haulage volume during rated efficient opera- 
tion time. It follows from this that not only the pa- 
rameters of CCS equipment, but also the number of 
vehicles in cyclic units serving it are defined by 
necessary hour-long capacity. In this connection it is 
possible to divide the selection of basic CFT equip- 
ment into two blocks: the flow CCS rational equip- 
ment parameters are defined at first and then the 
ones of the cyclic system (excavator-truck system 
ETS). By this, the basic ETS equipment integrated 


parameters, that is the excavator’s bucket capacity 
and truck’s load-carrying capacity, are selected 
according to annual average haulage volume. These 
parameters rational combination is determined by 
mass module that presents itself the ratio of a 


truck’s load-carrying capacity to load mass in an 
excavator’s bucket (Kuleshov 1980). Operation 
modes of these units are defined in accordance with 
open pits development conditions. 


Table 2. Downtimes in between shifts, considered when the crushing-conveyor system operation time is determined 


(expressed as a percentage from the annual time fund). 


Kinds of down- The technological unit of Downtimes 
The reasons of downtimes 
times CFT system duration 
Crushing-conveyor eee 
8 y Discharge site absence and crushing mill 0.7 — 2.8 
Operational- system 
: equipment downtime 
technological a 
Ia The absence or face stripping 
The excavators operation The absence and accesses’ arrangement, cross- 2.5-4.3 
overs driving, the face, level smoothing out 
Crushing-conveyor Shift change 16—37 
system The absence of dump trucks 
Organizational Shift change 
downtimes Teeraa The excavator’s change over or moving 34—61 
The absence of dump trucks 
Crew absence 
The trouble mechanic and electrical Depending on 
conveyor equipment the number of 
Crushing-conveyor Monitoring equipment wear elements of the 
system Drums pre-pressing, belts slipping and stuffing system (Kg of 
Filling in leaks the system is 
Accidental Faults of crushers, feeders considered) 
downtimes Fault of the excavator’s mechanisms of 
hoisting, turning and pressure 
Treeren Fault of the excavator’s boom, bucket 34-60 


and dipper stick 
The fault of converter set 


The fault of hydro and pneumatic systems 


Two approaches are possible for CFT systems 
designing: 

1. The parameters of stock-produced conveyor 
equipment being preliminary specified (flow unit), 
the annual CCS transporting capacity is defined: 


O, =O), °Tnt> (1) 


where Q, — passport hour-long capacity of conveyor 
equipment, t/h; 7;,, — net operation time, h. 

Then, proceeding from the hour-long CCS capaci- 
ty, both the selection the necessary flow unit equip- 
ment and development the technology of mining 
operations that provides for mining and transportation 
the planned annual rock mass volume are performed. 

2. Proceeding from mining-technological potenti- 
alities and necessary volumes of rock mass output 
from an open pit, the determination of expedient 
annual CFT system’s capacity is carried out. Ac- 
cording to the set volume of rock mass processing 
the required hour-long CCS capacity is calculated: 


0,.= <8, (2) 
Tr 


where Qac — the annual CFT system capacity, t. 

According to the Q,, value the parameters of con- 
veyors, crushers and the CFT system cyclic units’ 
equipment should be selected. 

The second approach is undoubtedly preferable 
when the variation of produced equipment standard 
size (parameters) is limited. 

Besides, having an essential number of convey- 
ors’ standard sizes, it is not always possible to 
choose conveyors with parameters meeting specific 
conditions of CFT system operation. As a rule, indi- 
vidually produced equipment is required for them; 
this is approved by the practice of CFT systems 
designing in the open pits of CIS and far abroad 
countries. 

The duration of efficient operation (net operation 
time) in the CFT systems with continuous working 
week is defined according to the expression: 


T= (Ty —Tim Ta ~T tech ~T ore ~ Tae) K af » (3) 


where 7, — annual time fund, h; Tam — the time for 
performing maintenance and CCS equipment repairs, 
h; Tu — the time for equipment downtimes for cli- 
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mate reasons, h; Tecn and T,,¢ — the duration of in- 
between shift incompatible downtimes of the system 
for technological and organizational reasons, h; 7, — 
the duration of in-between shift incompatible down- 
times of the excavators unit, h; K,,— CCS equipment 
availability factor. 

Estimating the efficiency of employment this or 
that kind of equipment in the structures of CFT 
systems mechanization the selection of comparing 
indices of efficiency function is of great importance. 

The selection of CFT systems equipment refers to 
the tasks of comparison variants not very differing 
and more often the same: the production capacity 
and duration of construction. In this case the known 
indices, that are discounted profit, the profitability 
index, internal rate of return and payback period 
may not be used; the equipment selection can be 
limited by reduced capital outlays and operating costs 
for optimization period (7 — 10 years) that would be 
nearer to the CCS equipment service life, defined by 
depreciation rates. For the pointed out period the 
stock of assembly transport is also renewed. 

If capital outlays and operating costs in compara- 
ble variants turn out to be slightly distinguished, then 
the additional criteria should be introduced: equip- 
ment metal hardware, required energy saturation, 
labor productivity per one working person and eco- 
logic indices (pollution the atmosphere by dust and 
exhaust gases, etc.). It is expedient, for this, to use 
specific indices (per 1 ton of processed rock mass); 
possible changes in the equipment components for 
optimization period should also be considered. 

The basic postulates of CCS equipment selection 
come up to the following: 

1. Initial data preparation that allows to determine 
conveyor transport parameters, to choose the type 
and parameters of the adjoining units equipment, to 
calculate capital outlays and operating costs for 
processing (removing) | ton of rock mass and other 
indices according to selected criteria of SFT system 
efficiency. 

2. The selection of conveyor lines equipment is put 
into practice with due regard for interaction of adjoin- 
ing technological units of CFT systems. It 1s quite 
sufficient, for this, to consider the influence of excava- 
tor-truck and crushing-conveyor systems’ influence on 
the efficiency of their mutual operation and on the 
system as a whole. Drilling-blasting operations are not 
first-hand studied as their influence is reflected indi- 
rectly: through the quality of preparation blasted rock 
mass, mining-loading equipment operation and is 
considered by way of changing the excavators’ output 
and modes of operation. The adjoining technological 
units’ influence is estimated to shift-average capacity 
loss value proceeding from the downtimes for acci- 
dental, technological and organizational reasons. 
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3. The crushing-conveyor systems operation 
mode should be considered as defining when the 
duration in the CFT systems equipment operation is 
calculated. The adjoining units’ operation should 
provide for crushing-conveyor systems operation in 
the mode of their technical potentialities maximum 
realization by way of forming optimal equipment 
reserve to perform appropriate technological opera- 
tions. The necessary hour-long capacity of CFT sys- 
tem is determined proceeding from specified annual 
rock mass haulage time and most probable time of 
crushing-conveyor system efficient operation. 

4. According to hour-long capacity with due re- 
gard for conveyors loading irregularity in crushing- 
transfer points the selection of system’s equipment 
is conducted. The equipment is selected with pa- 
rameters that provide for annual haulage volume 
absolute realization. 

5. In connection with various produce complexity 
and conveyor components longevity (drive station, 
idlers, linear flight bearing constructions, belts) their 
price is taken into account separately when capital 
outlays are calculated. Operating costs are determined 
with due regard for service life of quickly deteriorated 
elements as their longevity is considerably lower than 
conveyors depreciation period as a whole. 

The selection of ETS mining-loading equipment 
is performed in the following order. 

1. According to initial data on annual output of 
mineral resource or overburden, mined with CFT 
system employment, the excavator type is chosen in 
terms of analogues available with due regard for 
open pit production capacity as a whole. 

It should be considered, by this, that close interre- 
lation between open pit production capacity and 
basic excavator’s parameter, that is bucket volume, 
doesn’t practically exist, but the tendency of employ- 
ing excavators of greater capacity with an open pit 
output increasing is not excluded. 

2. The EAS mass module is calculated by the se- 
lected excavator type. It makes it possible to deter- 
mine load-carrying capacity of a truck in its values 
rational interval. 

3. The hour-long excavator output is defined, the 
number of workers per a shift as well as the inventory 
excavators’ fleet are determined proceeding from the 
necessary hour-long CCS capacity. 

4. Capital outlays, operating costs and other indi- 
ces characterizing the efficiency of excavators’ fleet 
operating as a part of ETS are calculated. 

The best model is presented by the excavator of 
rational ETS type selected on the results of compar- 
ison estimate indices of several systems with 
equipment parameters suitable for the recommended 
mass module interval values. 


The assembly truck transport equipment selection 
comes up to trucks’ fleet forming providing for nec- 
essary hour-long and annual freight traffic of rock 
mass processed by CCS. This task is, as a matter of 
principle, solved by way of searching for trucks’ fleet 
rational age and run structures that provide for the 
CFT system production program reliable realization 
with profitable economic indices. It follows from this 
that the assembly truck fleet structure should meet the 
requirements: 

— obligatory performance of necessary rock mass 
haulage volume or transporting work; 

—the unit cost of rock mass transportation or 
transporting work should ensure profitability of 
truck transport operation, that is its value should not 
exceed the admissible one that ensures break-even 
trucking operations. 

The task of trucks fleet forming is solved in sev- 
eral steps: 

1. The trucks’ load-carrying capacity and model 
are selected for the CFT system in known open pit 
mining and technological conditions and set annual 
rock mass output and the necessary trucks quantity 
is defined according to necessary CCS hour-long 
capacity. 

Trucks’ load-carrying capacity is chosen by the 
rational ratio both of the excavator’s bucket volume 
and truck’s body. The ratio determines the degree of 
efficient CTS operation. 

The best model among the trucks of one load- 
carrying capacity class of different firms-producers 
for concrete pit conditions is chosen in terms of 
estimation the level of consumer qualities and com- 
petitiveness (Glebov 2008). 

2. The selection of the number of age groups per 
each truck model in the fleet. 

The number of age groups in technological truck 
transport fleet is limited by trucks service life rec- 
ommended by a plant-producer. Service life is de- 
fined by the ratio of 90% regulatory resource to 
annual-average operating time. The resource is in- 
terpreted as a truck operating time from the moment 
of putting into operation up to truck cancellation. 

The structure of technological truck transport 
fleet possesses complicated dynamics of its parame- 
ters that change on a time basis under the influence 
of different factors. At any time moment there are 
trucks in the fleet that operate with both different 
load-carrying capacity, models and age groups, thus 
the number of age groups is defined analogously for 
all trucks’ models available in the fleet and operat- 
ing in different operating conditions. The number of 
age groups is not constant. It depends, to a certain 
extent, on trucks model, their operating conditions 
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and can change as a result of trucks design im- 
provement and increasing their operation reliability. 

3. Setting up empiric dependences of basic tech- 
nical-and-economic indices of trucks operation from 
their age. 

During statistical data processing the plots of 
changing annual specific unit cost of 1 ton rock 
mass of 1 t-km transport work cost as well as the 
capacity for a definite time period are constructed. 
In terms of these plots the empiric dependence be- 
tween specific unit cost of 1 t rock mass or | t-km 
transport work cost and years of a truck operation is 
set. It is described by the function C,= ftt). The 
empiric dependence of the trucks capacity and years 
of operation is set analogously: Q = f(tt). 

4. The determination of weighted-average trucks 
age in the fleet that meets specified criteria. 

Weighted-average trucks age twa is defined by 
solving the approximating functions equations S, 
and Q relatively tt,. Naturally, for each mining plant 
the dependences and approximating functions con- 
sequently, will be of different view. Thus, the equa- 
tions of admissible tt, by chosen criteria will be 
different too. 

5. Technological transport truck fleet forming. 

Trucks fleet forming should be put into practice 
on the principle of keeping weighted-average trucks 
age on the level that provides for required perfor- 
mance of annual rock mass haulage volume and 
transport plant’s work profitability, that is when 
specific cost of rock mass transportation does not 
exceed the admissible value ensuring trucking oper- 
ations profitability. 

The fleet could be formed of new trucks and those, 
formerly employed. Thus, the set forth criteria per- 
mit to regulate the size of once-only investments as 
well as to distribute them evenly in time. Besides, it 
is expedient to predict the plan of trucks fleet form- 
ing for the period not more than 5 — 7 years. 

General tendencies of changing estimate indices 
from basic influencing factors (annual trucking vol- 
ume and rock mass hoisting height by conveyors) are 
set by the investigations with economic-mathematical 
model application. The model has been developed 
with due regard for stated above postulates on the 
CFT system equipment selection. 

The analysis of calculation costs on the CFT sys- 
tems displays that the costs share on assembly truck 
transport prevails in the equipment price. The 
shoulder of rock mass delivery from faces to CTP 
being rational, the delivery makes up 40-60% 
depending on both the annual haulage volume and 
hoisting height of the material transported by con- 
veyor elevator (Figure 1). 


Capital outlays, % 


(b) 


Operating costs, % 





Q, milln.t/y 


Figure 1. The change of capital outlays and operating 
costs on the CFT equipment depending on annual haul- 
age volume: 1, 2,3 —of excavator unit, CCS, assembly 
transport accordingly with hoisting height equaled to 
100 m; 1’, 2’ 3’—the same with hoisting height being 
600 m. 


In operating costs the assembly truck transport 
share reaches 55—75% from aggregate costs on 
basic EFT equipment. The mining-loading equip- 
ment unit is less expensive, its share in capital out- 
lays lies in the 15 -— 24% interval and in operating 
costs — in 9 — 15% interval. Capital outlays share on 
the CCS equipment makes up 21 — 42%; operating 
costs — 13 —35%. As the trucking volume increases, 
the costs share on equipment of accessory CFT units 
changes in non-single-valued nature. The annual 
CFT system’s output increasing from 5 to 30 mil- 
lion tons, the share of capital outlays and operating 
costs on assembly transport equipment grows 
1.2—1.3 and 1.15—1.2 times accordingly. At the 
same time capital outlays share on the CCS and 
mining-loading equipment decreases 1.1 —1.3 and 
1.2—1.4 times accordingly and operating costs 
share decreases 1.3 — 1.5 times. 
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Assembly transport, possessing dump trucks of 
minimum mass share, requires greater energy satu- 
ration that is determined by engines’ capacity. 
When rock mass is hoisted at 100 meters height by 
conveyor elevator, the trucks’ engines installed 
capacity makes up about 65% from the total re- 
quired capacity of basic CFT systems’ equipment. 
With rock mass hoisting height growth the re- 
distribution of required energy saturation takes 
place that moves up its CCS share and moves down 
in its assembly transport unit share up to 50 — 55%. 
Thus, the excavation process is less energy inten- 
sive. The installed capacity share of mining- 
loading equipment unit makes up 10- 15% 
(Karmaev & Tjulkin 2004). 

Such relationship of costs on the systems’ equip- 
ment indicates the CFT processes labor intensity 
and the necessity of assembly transport facilities 
improvement in the direction of the most complete 
conformity with consumption quality required level. 
The consumption quality level is a generalized indi- 
cator of private dump truck quality level that char- 
acterizes technical perfection, service maintenance 
facilities in the process of operation; maximum 
truck’s operation serviceability in various mining- 
technological conditions and rock mass transporta- 
tion productive efficiency. 


3 DEDUCTIONS 


The stated above materials permit to formulate the 
following results of investigations: 

—the urgency of the problem of selection basic 
equipment for CFT mechanization structures is 
grounded; 

—it is set up that the CCS mode of operation is a 
defining factor when the whole CFT system’s equip- 
ment is selected. Its efficient operation time is calcu- 
lated with due regard for adjoining units influence 
that proceeds from both planned and in-between shift 
downtimes of CCS and ETS equipment for acci- 
dental, technological and organizational reasons; 

— basic postulates are elaborated and the stages of 
selection both the CCS equipment and the one of 
mining-loading and assembly units are recommend- 
ed. Selecting the system’s equipment, the interrela- 
tion is carried out by way of considering both the 
efficient operation time and basic operating indica- 
tor, that is hour-long unit capacity characterized by 
the greatest rigidity of elements connection; 

— the principle scheme of selection is elaborated. It 
provides for optimization the equipment parameters 
of conveyor lines as well as qualitative and quantita- 
tive relationship of the equipment parameters in 
adjoining units of CFT systems; 


— the nature of variation capital outlays and oper- 
ating costs on CCS equipment as well as on mining- 
loading and assembly transport is determined de- 
pending on annual output and rock mass hoisting 
height elevated by conveyors. 

The greatest costs fall at assembly truck transport. 
Their share in total capital outlays and operating costs 
reaches 40-60% 35-75% accordingly. Mining- 
loading equipment unit 1s the least expensive; its costs 
share makes up 15-24% (capital outlays) and 
9 — 15% (operating costs). 

The stated methodological principles could be 
applied for optimization the CCS equipment param- 
eters that include both steep-inclined and traditional 
conveyors, as well as for grounding rational struc- 
tures of CFT systems mechanization in concrete 
mining-technological conditions. 
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Probability estimates for the operation modes 
of mining machinery and equipment overshooting 
the limits of their normal functioning 


V. Slesarev & A. Malienko 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: The variety and variability of mining and geological conditions, in which mining machinery and 
equipment (cutter-loaders, heading machines, conveyor transport, auxiliary equipment) operate, lead to the 
overshoot of their planned or optimal operation modes. In this connection, when developing the effective con- 
trol systems for mining machinery and equipment, there arises the problem of determining the real probability 
of overshooting the predetermined limits for the mentioned operation modes, within the framework of which, 
from the technical or economic point of view, functioning of mining machinery is possibly still acceptable. The 
mathematical solution of this problem is reduced to determining the probability characteristics of the intersec- 


tion of random variables of a given level i.e., it is reduced to solving “the problem of overshoots”. 


1 INTRODUCTION 


In general, obtaining the probability characteristics of 
overshoots of a random function (probabilities of the 
predetermined number of overshoots in a given period 
of time, the law of distribution of the stay time of the 
random function above a predetermined level) encoun- 
ters considerable mathematical difficulties. However, it 
is relatively easy to calculate such numerical character- 
istics as the average number of overshoots per unit of 
time, the average stay time above a given level, etc. 


2 MAIN PART 


General formulas for their determination were es- 
tablished by Stephen O. Rice (Sveshnikov 1968) in 
1944 — 1945 and they are used for all (differentia- 
ble) random processes, although the numerical re- 
sult can be obtained, for example, for the normal 
processes of determining the average number of 
overshoots and the average duration of an overshoot 
of a random function of a given level. 

Let X(t) be the differentiable random process and 
a—the value of the ordinate of the function X(f) de- 
scribing the level for the “overshoots” of interest 
(Figure 1). First, we will consider the determination 
of the probability that in the infinitesimal time inter- 
val dt, immediately following the time moment ¢, an 
overshoot will occur. In order that the overshoot can 
actually happen under the stated conditions, two 
events should take place: first, at the time moment t 
the ordinate of the random function should be less 
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than a 1.e., X(t) < a, and secondly, at the time moment 
t+ dt the ordinate of the random function should be 
greater than a 1.e., X(t + dt) > a. 

Consequently, the probability of overshoots in the 
time interval dt can be written as follows: 


P|X(t)<a;X(t+dt)>al, (1) 


In the conditions of differentiability of the random 
function X(t) (Fomin 1980), each of its coordinates in 
the small interval dt can be expressed via the previ- 
ous value by using the approximate (up to the sec- 
ond-order infinitesimal) expression: 


X(t+dt)= X(t)+V(t)dt, (2) 


where V(t) = X(t). 

Consequently, the inequality X(t+dt)>a is 
equivalent to the inequality a-—V(t)dt< X(t) so 
instead of the two inequalities that condition (1) 
the availability of overshoots in the time interval 


dt, one can write one double inequality 
a — V(t)dt < X(t) < a, provided that: 
(V(t)>0). (3) 


functions value 





Figure 1. Random process. 


To calculate the realization probability of this in- 
equality in (Tikhonov & Samarski 1999) the two- 
dimensional distribution law of an ordinate of a 
random function and its derivative at one and the 
same moment of time has been considered: 


flx.ve), (4) 


then for the desired overshoot probability we will have: 


Pla- V(t)dt < X(t)< a|= i [flv t \dxdv i (5) 


0 a—vdt 





where the integration limits cover all the values X(¢) 
and V(t), satisfying the inequality (3). The inner 
integral in (5) can be calculated immediately as its 
integration limits differ by the infinitesimal value 
Vi hence, by using the mean value theorem, we 


obtain (tev thax = dt: vf (a, v r). 


a—vdt 
Substitution of the equation (5) into (4) gives: 








thdv . (6) 





Pla -V (t)dt < X(t) < a| = at} flay 


The resulting formula shows that the probability 
of an overshoot in the infinitesimal time interval dt 
is proportional to the interval value. Therefore, it is 
expedient to introduce the notion of time-density for 
the overshoot probability (Emelanov 2004), denot- 


ing plat) as the probability of an overshoot per 


level a, at the time moment ¢, calculated per unit of 
time 1.e.: 


Pla —~V(t)dt < X(t)< a| = pla)dt . (7) 


Comparison of (7) with (6) provides the final 
equation for the probability density plalt) : 


thdy . (8) 





p(a)= if (a,v 


Similarly, it is possible to calculate the time prob- 
ability density p'lale) for the intersection of a ran- 


dom variable of the level a top down. Summerizing 
the arguments given above we obtain: 


p(a)=— | flarfpav, (9) 





Adding and subtracting (8) and (9), we have: 








plalt) + p (alt) = [flay t)y|av : (10) 
plalt)- p (alt) = {flay thdv (11) 
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)= fola erlai). 
the right parts of the last two equations can be ex- 
pressed via the conventional mathematical expecta- 
tions of the rate v of change of the process and its 
absolute value i.e., it is possible to rewrite these 
equations in this way: 


plae)+ pld- sembojo a], 
pldi)- v'll)= saurra] a» 


Using the expression (8) allows us to calculate the 
average stay time of the random function above a 
given level for any period of time T. Divide the 
period of time 7 into equal small time intervals dt, 
each of which is located near the time moment 
i(j = 1,2...n). There is the probability that the ran- 
dom function ordinate is above a given level: 


On the other hand, since f (a, V 








p|xle J> a=] flle Jax. (13) 

Assume the values of the time intervals dt; so small 
that when calculating the total stay time of the ran- 
dom function above a given level, we could neglect 
the cases when the function within the time interval 


LX (t)- a] changes its sign. Consider the system of 


random variables Aj, each of which is equal to the 
corresponding interval dt; or 0 depending on whether 
the random function in this time interval is greater or 
less than a. Then it is obvious that the total stay time 
T of the random function above a given level a is 
equal to the sum Aj 1.e.: 


T,=XA,. 


J=l 


(14) 


To determine the average stay time of the random 
function above a given level for the period of time T, 
we will find the mathematical expectation of both 
parts of the equation (14). Applying the theorem of 
the mathematical expectation of the sum, we find: 

n 
t = © MA]. (15) 
j=1 

By definition, the random variable Aj can take on- 
ly two values (dt; and 0), hence its mathematical 
expectation is equal to the product dt; and the prob- 
ability (13) 1.e.: 


MA) = dt, ff ele, Jae . (16) 


Substituting (16) into (15) and passing to the limit 


n 
ofn — œ instead of $} we obtain the integral, and 
j=l 


for the average stay time of the random function 
above the level a, calculated for the period of time 
T, we have: 
= Tes 
ta = Jf f(x|e)dear . (17) 
Oa 

Typically, there is an interest to the average stay 

time of the random function above a given level per 


overshoot. To determine this average stay time T it is 
necessary to divide the time ¢, into the average 


number of overshoots occurring during the time 7. 
To determine the value 7, , we will again divide 


the period of time T into n equal time intervals dt, 
and introduce the auxiliary random variables N; each 
of which is equal to one if an overshoot occurred 
during the corresponding interval of time (due to 
small duration of the time intervals dt; the possibil- 
ity of having more than one choice can not be ig- 
nored), and zero in the opposite case. Then the total 
number of overshoots N, in the time interval T will 
be equal to the sum of the values N;: 
n 

Na = 2 ° (18) 

By finding the mathematical expectation of both 
parts of the equation (18) and taking into account 
that the mathematical expectation of each of the 
variables N; is numerically equal to the overshoot 


probability in the j-th time interval 1.e., plat j 7 j 


we have: 


plat, lit, 


n 


n=}, 


j=l 


(19) 
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Increasing the number of time intervals dt, and 
substituting the expression (8) instead of plalt) we 


obtain: 


n, = aa vdt . (20) 
00 





Finally, the division of (17) into (20) gives the 
desired average duration of the overshoot: 


1) Geavat 


Oa 
T 
if t dvd 
00 


TqT=— = 


(21) 


Ng 


vf (a, v 





3 CONCLUSIONS 


The obtained formulas are of great interest for sta- 
tionary processes, since only for steady in time pro- 
cesses the average overshoot duration has a direct 
visual effect. 
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ABSTRACT: Modernization of hydrotransport plants of modern geotechnological systems with the purpose 
of decrease in power inputs and specific water consumption for hydrotransportation process is reasonable by 
using of polyethylene pipes and drag reducing agents. The method of economically sound diameter of pipe- 
line of hydrotransport plant is elaborated for the case of using of the polyethylene pipes or drag reducing 
agents. The dependence of capital expenditure on flow hydraulic parameters for polyethylene pipelines is re- 
vealed. It is shown that identical approach to accounting of changing of hydrotransport parameters is feasible 
when using polyethylene pipes and drag reducing agents. This approach consists in using of relevant values 
of proportionality coefficient and of exponent in the dependence of drag coefficient on Reynolds number and 
of proportionality coefficients of summands in the dependence of critical velocity on slurry concentration. It 
is shown that average values of exponent in the dependence of drag coefficient on Reynolds number may be 
used in calculations of economically sound diameter of the polyethylene pipeline with engineering accuracy. 


1 INTRODUCTION 


The successful integration of all industrial enterpris- 
es of Ukraine into European and world markets 
nowadays is possible providing the cutting of pro- 
duction costs and competitive recovery. This is es- 
pecially topical for ore-dressing and processing en- 
terprises, because their production accounts the con- 
siderable part of Ukrainian export. Domestic ore- 
dressing and processing enterprises have to stand 
the competition with high-technology foreign min- 
ing companies and also to comply with international 
product quality standards and with environmental 
safety specification. The most effective method of 
implementation of marketing strategy of cutting of 
production costs and competitive recovery for ore- 
dressing and processing enterprises is a cut in ex- 
penditure for transporting of mined, processed and 
stackable bulk material inside of proper geotechno- 
logical systems (Alexandrov 2000). The pressurized 
hydrotransport is used first of all in the modern ge- 
otechnological systems for transporting of feed 
stock, intermediate products, concentrates and 
cleaning rejects. So in this case decrease in power 
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inputs and specific water consumption is most rea- 
sonable (Alexandrov 2000, Semenenko et al. 2013). 

The hydrotransport plant became one of the key 
fragments of geotechnological system and it deter- 
mines stability of technological process and prime cost 
of finished concentrates in many respects (Semenenko 
et al. 2013). Using of water as a separation agent is 
typical for all ore-dressing and processing enterprises 
of Ukraine. The main technological units namely 
crushers, mills, screens, hydrocyclones and separators 
are meant for elutriation in water medium and for sep- 
aration of slurries. These units are interconnected sole- 
ly by hydrotransport and the situation at the foreign 
mining companies is technologically similar. 

The problem of scientific substantiation of pa- 
rameters and operating modes of the systems of 
cleaning rejects removal is especially topical and es- 
sential against a background of increased require- 
ments of environmental safety, a tendency to im- 
plementation of resource and energy saving tech- 
nologies and new economic actuals. This forces to 
change an attitude to hydrotransport plants of ge- 
otechnological systems, to install control and ac- 
counting equipment, to carry out the monitoring of 


parameters and operating modes, to automatize the 
regulation of operating modes of pumps. 

So substantiation of parameters and operating 
modes of hydrotransport plants of geotechnological 
systems is very important for development of ore- 
dressing and processing enterprises of Ukraine. 

It is necessary to take into account some aspects 
when solving formulated problem (Alexandrov 
2000, Semenenko et al. 2013). 

Firstly the existing field experience of hydrotran- 
sport complexes, which transport high concentration 
slurries, is negligible. This is caused by economic 
conditions, under which all hydrotransport plants 
and waste storages were projected at the ore- 
dressing and processing enterprises of Ukraine. 
These conditions determined low cost of electric 
power and indifference to natural resources of re- 
gion where enterprise was located. As a result the 
hydrotransport systems transported and stored slur- 
ries with mass concentration of solid material not 
more than 5% that is nearly water. 

Secondly the greater part of known experimental 
research of dependence of hydrotransport parame- 
ters on slurry concentration dates back to the 1970s 
and doesn’t take into account the changes in proper- 
ties of transporting materials in this space of time. 
These investigations were carried out at sectoral re- 
search institutes, which were liquidated for different 
reasons or were restructured for another function at 
the turn of the 1980s. 

Thirdly the data about hydrotransport parameters 
and properties of cleaning rejects lain in storages 
from the end of 1970s are absent. Nobody assumed 
when projecting waste storages that cleaning rejects 
will be iteratively used or processed in future. Fur- 
thermore in the beginning there were research insti- 
tutes handled hydrotransport but there were no 
cleaning rejects lain for a long time. When such 
cleaning rejects have appeared the research insti- 
tutes have disappeared. 

Fourthly the known methods of estimation of 
economic efficiency of hydrotransport plants and of 
substantiation of their rational parameters don’t take 
into account existing economic actuals. All these 
methods were elaborated before 1990s and were 
oriented to the conditions of socialist economics. 
Furthermore cost minimization consisted in the 
choice of minimal hydraulic gradient when project- 
ing hydrotransport systems at that time. Only a part 
of operating costs was minimized in so doing, but 
capital and current expenditure were disregarded. 

Fifthly in the beginning of 2000s the new methods 
of drag reduction have appeared, which are effective 
for pipeline transport of water and gas and are prom- 
ising for hydrotransport plants of geotechnological 
systems (Table 1) (Shvabauer et al. 2006, Market 
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Report Company 2006). Using of polyethylene pipes 
in place of steel pipes and doping of drag reducing 
agents to slurries must be applied to such methods 
(Semenenko et al. 2013, Stupin 2000). 


Table 1. Distribution of Ukrainian market size of polyeth- 
ylene pipes according to their intended purpose. 


Market share of polyethylene pipes, % 


Purpose 

2004 2005 2006 2007 
Gas 59 44 41 33 
Water 38 53 55 62 
Other 3 3 4 5 


USA and European countries have stored suffi- 
cient practices in using of polyethylene pipes for 
transport of water, gas and waste water. This expe- 
rience shows that polyethylene pipes have less drag 
and running weight, greater thermal capacity and 
wear resistance in comparison with steel pipes. The 
cost of polyethylene pipes strongly depends on 
working pressure. Low pressure pipes are cheaper, 
but high pressure pipes are more expensive than 
steel pipes. The analogous experience is known also 
in Ukraine (Semenenko et al. 2013) and the trend of 
changing of production quantity of domestic poly- 
ethylene pipes allows extension of their range of 
application. Furthermore in Ukraine first in Europe 
polyethylene pipes were used for hydrotransport of 
ore sands at the Vilnogorsk mining and smelting en- 
terprise and this instantiates a possibility of such 
pipes using in geotechnological systems. 

Drag reduction at the expense of doping of drag 
reducing agents to water flow in pipelines is used in 
refrigeration plants, in fire-control units. The pro- 
jects of use of drag reducing agents in large water 
supply systems were considered in the USSR 
(Stupin 2000). Doping of drag reducing agents to 
pressure flow results in changing of wall turbulence 
and this ensures friction reduction. Furthermore 
drag reducing agents are widely used as flocculants 
during water purification (Stupin 2000). The per- 
spective of using of drag reducing agents for pres- 
sure flows of slurries consists both in drag reduction 
and in pulp thickening during its transporting. But 
this requires the substantiation of hydrotransport pa- 
rameters and selection of drag reducing agent type 
depending on properties of transporting material and 
of carrying agent. 

So it is necessary to take into account new fea- 
tures of working of hydrotransport plants of ge- 
otechnological systems during substantiation of ra- 
tional parameters and operating modes. 


2 MAIN PART 


The purpose of the paper is elaboration of calcula- 
tion method of economically sound diameter of 
pipeline of hydrotransport plant when using the pol- 
yethylene pipes and drag reducing agents with re- 
gard to features of geotechnological systems. 

The known procedures of cost effectiveness eval- 
uation are based on using of reduced annual expens- 
es (Semenenko et al. 2013): 


IT =C+(p+EK, (1) 
C=(Z,+(Z,+Z,;)N+Z,(1-S)OT+C,, (2) 











1- Lx , 
K= gmDbypq| 142 Jes 
o L 
+(DK,+K,;)L+1.1K,N+ Ko, (3) 
N= (1+ drs) 2082 Hy”, (4) 
7) 
QO 
H’ =k,LY ~ +(1+ ArS)AZ , (5) 
Y= Hoa 14 A7SU-S) x, 
L 1+ Ar 
m2? 2" yt 
x9— > (6) 
m g 
5 
D 0.30864 Re” 
a=(2) a, (7) 
D m lg (0.1 Re) 
Ar=L Po (8) 
Po 
o- PPn a (9) 
Dep, Kı 


where // — reduced annual expenses; C — annual 
working costs; K — capital investment; p — annual 
assignment for current repair and depreciation of in- 
stallations; E — comparative efficiency coefficient; 
Zy — expenses for materials reckoned towards unit 
of operating power; Zg — electricity charges for in- 
dustrial enterprises; Zr — pay with charge of staff of 
pumping station; T — annual average time of opera- 
tion of the plant, hours; N — installed power of the 
pumps of the hydrotransport complex; Zy) — cost of 
water for industrial enterprises; S — discharge con- 
centration of pulp; Cg — additional charge not de- 
pending on pipeline parameters; D — pipeline diame- 
ter; O— wall thickness of steel pipeline; o7— density 
of pipeline material; 6) — wall thickness of polyeth- 
ylene pipeline; , — density of polyethylene pipe- 
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line; K, — cost of pipes, welding and transporting 
reckoned towards unit of steel pipeline weight; K;- 


cost of pipes, welding and transporting reckoned 
towards unit of polyethylene pipeline weight; K, — 
cost of earthwork reckoned towards unit of pipeline 
diameter; K3 — cost of survey work, of construction 
of roads, of communication lines etcetera; K, — cost 
of pump units, buildings for them etcetera, reckoned 
towards unit of installed power; Ko — expenses, 
which don’t depend on pipeline parameters; g — 
gravity acceleration; H’— pressure loss in polyeth- 
ylene main pipeline; D — internal diameter of steel 
pipes; Dp — internal diameter of polyethylene pipes; 
m , n — constants of flow friction law for polyeth- 
ylene pipes, m = 0.000543 and n = 0.25 (Dobromis- 
lov 2004, Shvabauer et al. 2006); kz — coefficient, 
which takes into account local drags; q — coefficient, 
which takes into account influence of pipe material 
on critical velocity (Figure 1, Table 2), (Semenenko 
et al. 2013); L. — length of steel pipes; L — length of 


main pipeline; AZ — difference of geodesic heights 
of pipeline beginning and end; Re — Reynolds num- 
ber; v — kinematic coefficient of slurry viscosity; 
S — bulk concentration of fine fraction particles; 
Po — water density; Os; — density of solid particles; 
go — coefficient, which takes into account hydrau- 
lic gradient rise at the expense of particles of me- 
dium and coarse fractions; 7 — pump unit coeffi- 
cient of efficiency. 


Parameter of regimes fluid 





3:2 4.2 5:2 6.2 det 


Logarithm of the Reynolds number 


Figure 1. Dependence of g value on Reynolds number /gRe 
for different calculation procedures (Semenenko et al. 2013). 


Using of polyethylene pipes or drag reducing 
agents allows ensuring of required pulp discharge 
with lesser drags. This will result in decrease of in- 
stalled power and will be taken into account by 
choosing of values m, n and q (Figure 1, Table 2). 


Table 2. The values of coefficients used for hydraulic calcu- 


lation of polymeric pipes in different calculation procedures. 


Calculation 


procedure K-10¢ m10 n:10 Qin Ymax 
ee 6.46 226 2.71 1.127 1.619 
ot 5.37 240 273 1.110 1.508 
T 5.79 2.00 1.71 1.122 1.400 
IGTM 543 2.50 3.16 1.065 1.530 


Furthermore the capital investment in the case of 
using of polyethylene pipes will be dependent on 
flow hydraulic parameters (Semenenko et al. 2013): 
K =R +R EER, (10) 

Ny 

where Po, P; — approximation parameters; u4 — coef- 
ficient, which takes into account pressure boost at 
the expense of placement of concatenated pumps at 
a short distance, for pipes fabricated by 
LLC «UKRPLASTPEREROBKA» =P) = 186.88, 
P, =4.47; @ — safety factor, which takes into ac- 
count pressure boost at the expense of hydraulic 
hammers; ny — number of using pumps. 

Thus with the regard for mentioned dependences 
and for flow features in polyethylene pipes or in 
steel pipes using drag reducing agents (Stupin 2000) 
the calculation of reduced annual expenses may be 
realized in that way: 


e 
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Equating to zero first-order derivative of expression 
(11) with respect to diameter, we will obtain equation 
for determination of pipeline optimal diameter: 





y” --1=0, (16) 
y= a- 2p , (17) 
S-N ep 
6-n - 
ga i e (18) 
250 (Senen 


The analysis show that the magnitudes in the 
equation (16) weakly depend on n value (Table 3) 
and so their average values may be used for calcula- 
tions with engineering accuracy. 

It is easily to show that single real positive root of 
equation (16) belongs to the interval: 


Table 3. Dependence of the magnitudes in the equation 
(16) on n value. 


(19) 





Value ae ae 4-—n esas 
a 5=n (5 — n)o-n 

0.18 582 482 0.793 0.610 
0.20 5.80 480 0.792 0.610 
0.22 5.78 4.78 0.791 0.610 
0.24 5.76 4.76 0.790 0.609 
0.26 5.74 4.74 0.789 0.609 
0.28 5.72 472 0.788 0.609 
0.30 5.70 4.70 0.787 0.608 
0.32 5.68 468 0.786 0.608 
ee 5.75 4.75 0.789 0.609 
eas 0.049 0.049 0.002 0.001 
Constant 
of variation, 0.85 1.03 0.28 0.1 


% 


Numerical analysis of solution of the equation 
(16) and of the plot at the Figure 2 shows that this 
solution may be approximated to such function: 


y =1.001540 . 


Taking into account the accepted symbols and di- 
mensionless variables and jointly examining the 
formulas (16) — (20) we can obtain following expres- 
sion for determination of rational pipeline diameter: 


(20) 


D =5-n (4—n)— 
e? 


(21) 
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Figure 2. The solution of the equation (16). 


The obtained solution is increasing function in all 
interval of argument changing. So when selecting 
pipeline rational diameter it is necessary to test 
whether this solution ensures overcritical flow re- 
gimes (Semenenko et al. 2013): 


DS Dyp (22) 

Suggested dependences are partly approximate 
and require improvement with the purpose of ac- 
counting of a whole number of factors. However 
they allow estimation of potential of the systems 
under consideration and of complexity of assigned 
problem. They also let to outline possible ways of 
problem solution. 


3 CONCLUSIONS 


1. It is reasonable to realize modernization of hydro- 
transport plants of modern geotechnological systems 
with the purpose of decrease in power inputs and 
specific water consumption for hydrotransportation 
process by using of polyethylene pipes and drag re- 
ducing agents. 
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2. The presence of sections of steel and polyeth- 
ylene pipes with different diameter in main pipe- 
lines as well as changing of hydraulic gradient and 
of critical velocity as a result of drag reducing agent 
action must be taken into account during hydraulic 
calculations of parameters and operating modes hy- 
drotransport plants of modern geotechnological sys- 
tems. 

3. It is an identical approach to accounting of 
changing of hydrotransport parameters when using 
polyethylene pipes and drag reducing agents. This 
approach consists in using of relevant values of pro- 
portionality coefficient and of exponent in the de- 
pendence of hydraulic friction coefficient on Reyn- 
olds number and of proportionality coefficients of 
summands in the dependence of critical velocity on 
slurry concentration. 

4. The distinctive feature of the calculation of 
economically sound diameter of the polyethylene 
pipeline as opposed to steel pipes is the dependence 
of capital expenditure on flow hydraulic parameters. 

5. It is possible to use average values of exponent 
in the dependence of hydraulic friction coefficient 
on Reynolds number in calculations of economical- 
ly sound diameter of the polyethylene pipeline with 
engineering accuracy. 
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ABSTRACT: Results of long-term research by Kazakh National Research Technical University (KazNI- 
TU) employees on geomechanics processes study have been considered. It is shown that the problem of 
geomechanics processes control can be solved on the basis of methodology of rock mass condition ge- 
omonitoring viewed in this article ensuring complex accounting and analysis of all natural and man- 


caused factors. 


1 INTRODUCTION 


One of the pertinent problems in case with conduc- 
tion of large-scale mining especially when it comes 
to roach mass is the technogenic seismicity causing 
not only catastrophic technical and economic con- 
sequences (technogenic earthquakes, rock bumps, 
landslides, etc.), but sometimes leading to death of 
people. All this is a direct consequence of change in 
geodynamic mode of geological environment under 
the influence of large-scale mining work which was 
convincingly confirmed by the results of scientific 
research on example of “Zhezkazganskayazona” of 
Kazakhmys Corporation” natural and technical sys- 
tem (NTS). 


2 MAIN CONTENT 


Favorable prices conjuncture at the global metal market 
creates new possibilities for mining sector of Kazakh- 
stan. Leading industry player — Kazakhmys Group — 
intends to utilize this chance in full. Along with devel- 
opment of new large and medium-sized projects, Ka- 
zakhmys launches large-scale modernization programs 
for its enterprises, introduces advanced exploration and 
production technologies, and enhances the human 
resources management and environmental safety com- 
pliance policies. As of today, Kazakhmyscomprises: 
“Ttauyz” and “Akchty-Spaskiy” quarries, underground 
mines, 10 dressing plants, zinc plant, 2 copper smelting 
complexes, power plants, etc. 

After having analyzed global trends, Kazakhmys 
has developed and launched the implementation of 
large-scale “reboot” plan. First of all, the company has 
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returned to projects on development of Bozshakol and 
Aktogay gigantic deposits. Capital expenses on those 
will make $3.8 bln, and the expected production level 
will reach 60% of the current production volume. 
Besides, Kazakhmys develops small and medium- 
sized projects. In particular, it plans to invest $800 mn 
in development of Akbastau and Kosmurun copper 
mines (in due time these deposits were discovered by 
our mentor, academician A.Zh. Mashanov) where, by 
2015, the construction of plant with production capaci- 
ty of 2 mntn will be completed. Second stage of the 
project is the development of Kosmurunmine with a 
total volume of capital investment of $240 mn 
whichwill be completed by 2018. And all this com- 
prises a single fold system of “Zhezkazganskayazona”’ 
which is a powerful subject of anthropogenic influ- 
ence on the environment and representing huge possi- 
bilities for research of wide range of technogenic dis- 
asters and decreasing their risk (John 2004, Owen 
2005, Nurpeissova et al. 2009, 2010). 

Zhezkazgan deposit is dated by Zhezkazgan series 
of sedimentary rocks consisting of interbedded layers 
of grayback and rotten rocks and silt stones with con- 
glomerates and chertinterburden and lenses. Total 
thickness of this complex is assessed as 650 m. 
Zhezkazgan mass of sedimentary rocks is divided into 
two suites: lower-Taskuduk and upper-Zhezkazgan. 
Lower-Taskuduk suite’s thickness is 257m and it 
consists of 16 layers of rotten and grayback silt stones 
united into 3 ore-bearing horizons. Development of 
tectonic fracturing in ore-bearing mass rocks is closely 
connected with the formation of folder structure of the 
deposit. In positioning orientation, two main cavity 
types can be marked out in the layers: 


—according to stratum or 
Stratums; 

— transversal and large-intersecting fractures and 
crushed zones. 

First type fractures often develop in earlier inter- 
stratum fractures, most probably of diagenetic origin. 
Main role in ore body field formation is played by 
faults represented by systems of high-angle faults of 
sublatitudinal bearing. 

In order to take adequate measures on prevention 
of harmless influence from deposits development it is 
necessary to have knowledge of that particular tech- 
nogenic component of total value of vertical earth 
settlement (VES). Untimely taking of measures on 
prevention of VES may lead to significant unjustified 
expenses and, probably, to emergency situation. 

Geomechanics complex development of subsoil 
riches is solving a series of tasks with long (target 
period) sustainability of underground objects and 
control over in situ stress and distorted state of hosting 
rocks, identification of influence of mining work on 
surrounding natural environment and engineering 
constructions, both during construction period, opera- 
tion periodand during their reconstruction and, in par- 
ticular, liquidation. Its main purpose is prevention of 
emergency situations during development of deposits, 
increasing safety and efficiency of mining work, en- 
suring preservation and normal operation of buildings 
and structures falling into influence zone and protec- 
tion of natural environment (Trubetskoy et al. 2012, 
Miletenko & Nurpeissova 2014). 

For solid minerals deposits geomechanical ensuring 
of mining safety is usually based on engineering ap- 
proaches adapted to given mining and geological de- 
velopment conditions. In this approach, local peculiari- 
ties of underworked series, variability of physical and 
mechanical properties of rocks and geomechanical 
features of geological environment are not taken into 
account. Whereas, all this influences the credibility of 
geomechanical assessments of real mining technical 
situation. Possibility of accounting of the abovemen- 
tioned physical and geological factors in geomechani- 
cal calculations appear due to maintenance and ac- 
counting of results of geological, geophysical, seismo- 
logical and especially geodesic and surveying research. 

Analysis of state of surveying studies methodology 
and interpretation of obtained data first of all con- 
nected with absence of efficient ways for determina- 
tion of values of earth settlement which leads to ne- 
cessity to improve the methods of surveying and 
geodesic observations over deform-ation of rocks 
with use of advanced electronic devices in order to 
increase the credibility, speed during determination of 
earth settlement parameters for safe development of 
subsoil riches and protection of developed objects 
(Nurpeissova 2012). 

In general, surveying with use of new generation 


gentle-intersecting 


devices allow revealing mass deformation which is 
significant for assessment of geomechanical situation 
in deposit development area. But they do not allow 
obtaining the full picture of deformation processes in 
time. This can be done only by using complex meth- 
odology of studying natural and technical system 
(NTS) the structure of which is presented in Figure 1. 

On the basis of analysis of region’s geology and 
tectonics, applied development system, control of 
roof and superincumbent rock, and experimental 
assessments of I[CPstress condition, “energy- 
saturated” areas are being identified which define the 
boundaries of geomechanical monitoring. Then, a 
monitoring of troublesome zone is arranged which 
mainly includes control of deformation and mass 
structural fracture level. 

Later on, all information on regularity of system 
strike shift and its critical state parameters are entered 
into the expert system where, on the basis of databases 
and knowledge of integration, the assessment of NTS 
state 1s performed and corresponding decisions on 
protection of subsoil and earth surface are being sub- 
stantiated (Nurpeissova 2014). 

Mining enterprises experience shows that conven- 
tional design parameters of pillar extraction drilling 
(pillars, dimensions, chamber distances) for given 
mining and geological conditions in general ensure 
long-term stability of mine goafs. 

However, it must be taken into account that 
strength properties and pillars dimensions of the pro- 
ject are calculated based on average readings of min- 
ing and geological conditions. However, rock mass is 
not homogenous and, due to its natural structural 
variability, it is irregularly disrupted. The main cause 
of disruption in physical integrity of the mass is its 
cleavage or fracturing which is of probabilistic nature. 
Besides, blasting workings conducted during prepara- 
tion of ICPserve as a source of additional, so-called 
technological cleavage, also decreasing the bearing 
capacity and stability of pillars and roof. Therefore, 
experience has proven that there are cases when sepa- 
rate (single) ICPor groups of ICPare destructed; 
cleavage and outburst of roof occur, and sometimes, 
depending on severity of exposure to various factors 
and intensity of occurring irreversible geome-chanical 
processes, a collapse of the whole superincumbent 
rock happens with outbreak. 

This creates emergency situations, decreases safety 
and efficiency of underground mining, disturbs regu- 
lar operation of mines and pits, which, eventually, 
negatively affects the main technical and economic 
indicators of ore production. Situation is even more 
complicated during mining of superimposed overlap- 
ping reserves as ore extraction 1s made in tiers which 
leads to emergence of new structural load-bearing 
element such as interchamber cap pillar which re- 
quires additional studying. 
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Studying of natural and technical system (NTS) 


Analysis of geology 
and tectonics 
of the region 


Analytical assessment 
of parameters of mass 
stress-stain state 


Analysis of environmental safety 
of subsoil use and forecasting 
strategic directions for subsoil 

development 


Database with geological and surveying information (DG and SI) 
Information on the deposit and development strategy. 
Mass characteristic: textural and structural peculiarities of geological, hydrogeological, 
engineering and geological and physical and mechanical properties of rocks. 
Zones of tectonic and fracture displacement of mass by banks and horizons. 





Determining the boundaries of geomechanical monitor- 





Geomechanical monitoring of troublesome zone 


Fracturemonitoring 


Geo- 
desic 


Seismo- 
logic 


Globalposi- 
tioninControl 
of seismic 
and sonic 





Monitoringofgeophysical fields 










Control of elec- 
tromagnetic 
fields parame- 
ters 


Control of 
seismic and 
sonic fields 


Assessment of critical state of troublesome zone and forecasting geome- 
chanical processes going on in rock masses. 


Making decisions on geomechanical processes management 





Figure 1. Scheme of methodology of studying the forecast of trouble events in NTS. 


Improving stability of roof pillars in these condi- 
tions may be achieved by development and applica- 
tion of technology aimed on their hardening based 
on knowledge in specifics of destruction of compo- 
nents of pillar extraction drilling as a uniform geo- 
mechanicalmultileg structure (GMS) -— “pillars — 
roof — superincumbent rock” and principle of pro- 
cesses of hardening of fractured roach, and improv- 
ing the blasting workings technology ensuring max- 
imum unequivocal use of the explosion energy dur- 
ing rock mass breakage which is an important and 
pertinent scientific and practical target solving of 
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which will allow improving safety and efficiency of 
massive ore deposits mining. 

Due to this, the assessment of stability of struc- 
tural load-bearing elements of pillar extraction drill- 
ing means identifying the nature and mechanism of 
destruction of support columned interchamber pil- 
lars and “pillar-roof’ system in order to reveal their 
prelimit, limit and out-of-limit (critical) state testify- 
ing to necessity of timely hardening of these ele- 
ments (Nurlybayev 2014). 

As it was shown in the results of field studies by 
several authors, at the initial stage of destruction, the 


bearing capacity of ICPis decreased either because of 
pillar shape change with preservation of its structural 
integrity or the weakening of ICPby various fracture 
and interbed systems occurs with preservation of their 
external shape. The most typical and widespread form 
of pillars destruction is destruction with formation of 
shear fractures and ruptures. 

Cleavage in ICPmay be expressed in the form of 
separate large diagonal cracks of tectonic origin or 
in the form of angled and horizontal cracks and soft 
rock interbeds. 

Top cover collapse happens after the rock break- 
down point is exceeded both for stress and for com- 
pressing due to which the mass is broken into blocks 
by through cracks system. Mechanism of formation 
and development of technogenic cracks in the mass 
is shown in Figure 2. 
















Figure 2. Scheme of cracks formation in the roof during 
overcut: (a) first emergence of cracks in the curve layer; 
(b) opening of crack depth; (c) destruction of layer during 
alternating strains. 


As a result of layer depression it begins to have 
tension stresses and with a certain dimension of bay 
they reach the limit of rock tensile strength and on the 
upper and lower layer surfaces the transverse cracks 
begin to appear. Further increase of bay leads to the 
corresponding growth of tensile stresses and cracks 
development. 

One of the main reasons for [CPdestruction is their 
unbalanced stress due to change in pillars rigidity 
caused by difference in their geometrical sizes and 


406 


fracturing. Stress-stain state (SSS) of column inter- 
chamber pillar and the mechanics of its destruction 
depending on the cleavage were in detail studied in 
the paper (Aitaliyev & Khalmanov 1989) where vari- 
ous stress stages of pillar are considered characteriz- 
ing its corresponding state. By studies (Nurlybayev 
2014, Borsch-Komponiets & Makarov 1990, Kuz- 
netsov & Miletenko 1989) it was revealed that the 
stress of interchamber pillars with a large variety of 
geometrical parameters is unevenly distributed. 

In case of uneven distribution of stresses in the pil- 
lar its destruction is activated when the value of exist- 
ing tension in the typical area along the section of 
pillar exceeds some admissible value. The faster 
stress increases in the pillar and the closer the values 
of existing tensions to the level of bearing capacity, 
the faster this pillar will destruct. In turn, activation of 
such process will lead to redistribution of stress to 
adjacent pillars and may lead to destruction of pillars 
and roof collapse as it happed in panel 29 lev. 220 m, 
pit 55 of West-Zhezkazgan mine which is only one 
example out of many. 

Research performed on volumetric and flat model- 
ing allowed obtaining experimental material on val- 
ues and nature of stress distribution in pillars of dif- 
ferent deposit types. For successful solving of the 
open-pit sides stabilityproblem means and methods 
were developed ensuring obtaining prompt and credi- 
ble information on stressed state of near edge mass. 
For example, methods of automated identification of 
mass disturbance were developed and implemented 
(Nurpeissova et al. 2008, 2009). 

Methods include placement of thermometers and 
ultrasonic acoustic transmitters in operated pits con- 
nected with information processing units. In the first 
caseasimultaneous measurement of temperature in 
mass areas by all thermometers is performed during 
cooling of mass and determination of interconnection 
of heat transmission by rock mass is done. 

Second method is based on measurement of ampli- 
tude value of ultrasound impulse passing the rock 
between deposits and defining the availability and 
opening of cracks in the mass based on smaspodic 
change of amplitude of the ultrasound impulse. 

Methods allow more precisely reveal disturbances 
and follow the dynamics of near edge mass. Novelty 
of developed means and devices is in revealing the 
potentially unstable areas of benches and edges of 
quarry for reasonable design of profile lines of obser- 
vation station and prompt control over slope stability. 

Besides, in order to supervise the shifting of roof 
rock during cleaning work a method of remote deter- 
mination of roof pillar shifting and ICP (Nurpeissova 
et al. 2015). 

In case of destruction of ICPits integrity is dis- 
turbed, rigidity is decreased and, accordingly, the 


stress on it is decreased with simultaneous increase of 
deformation which leads to rock lamination and for- 
mation of roof arch above the pillar. Scheme of for- 
mation of area of rock destruction in stope ore 
(chamber) roof is shown in Figure 3. 


E sth 
NN 


Lm 





Figure 3. Scheme of formation of area of rock destruction in 
stope ore (chamber) roof in case of ICP destruction: 1 — des- 
tructing ICP with decreased stability; 2—panel pillar; 
3 — contour of roof arch (natural equilibrium); 4 — roof sag 
(deformation); by — height of roof arch; /— length of roof arch 
bottom; / — height of mined space; H — depth of mining. 


Practice of development of flat-dipping ore depos- 
its has shown that collapse of top cover happens only 
when the bay of cropping in mine exceeds limit width 
rather certain for these mining and geological condi- 
tions and depth of bedding. If cropping bay of roof is 
less than limit, the collapse of overlying rock is of 
limited nature and happens within the contours of 
dome of natural equilibrium preserving its shape and 
stability within a long term. 

Practice of development of flat-dipping ore depos- 
its has shown that collapse of top cover happens only 
when the bay of cropping in mine exceeds limit width 
rather certain for these mining and geological condi- 
tions and depth of bedding. If cropping bay of roof is 
less than limit, the collapse of overlying rock is of 
limited nature and happens within the contours of 
dome of natural equilibrium preserving it’s shape and 
stability within a long term. 

Usually, stopes during cleaning work are develo- 
ped with application of drilling-blasting work; in this 
case, rock in stope under influence of gravity, explo- 
sions and due to redistribution and concentration of 
stress are collapsing until the stope gets some stable 
shape of roof arch. 

Therefore, one must distinguish among “dome of 
natural equilibrium” representing a theoretically cam 
contour in rock mass and “roof arch’, that is, a cupo- 
la-shaped roof which may be observed visually after 
rock fall from the area limited by contour of dome of 
natural equilibrium. 

Determination of dome of natural equilibrium 
height relates to solving of inverse problems of elas- 
ticity theory when one must find a shape of AB arch 
which is a part of ABCO contour (Figure 4). In work 


407 


by G.P. Cherepanov (Cherepanov 1966) it is deter- 
mined that when ABCB square is close to lower half 
of equal in strength ellipse, and the mine is located far 
from earth ground, the sought AB arch in its shape 
shall not have a large difference in shape from the 
upper half of the same equal in strength ellipse; in this 
case, the height of arch the contour of which is ap- 
proximated by ellipse shall be calculated by formula 
which is most appropriate for these conditions: 





b= (1) 


where b, — height of dome of natural equilibrium; 


v — poison ratio; a — width of stope. 

Based on this and based on practical data, we can 
determine the height of roof arch for Zhezkazgan 
conditions with the formula (Cherepanov 1966): 

2va 


b = 


O 


(2) 
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where 5, — roof arch height. 





Figure 4. Scheme for definining the value of dome of 
natural equilibrium according to G.P.Cherepanov: 
b, — height of dome of natural equilibrium; 2a — width of 
development (shrink stoping). 


Shape of the dome of natural equilibrium ensures 
the most even distribution of compressing stresses 
along the arch contour which is a condition for the 
maximum ore strength and stability in the roof de- 
velopment area. 

Currently, at industrial and technical Zhezkazgan 
area geomechanical monitoring is performed on a 
regular basis. One of the components of geo- 
monitoring is systematic instrumental observations. 
Among modern methods and means of earth defor- 
mation research, GPS proved itself as rather efficient 


one. GPS satellite systems are necessary for creation 
of a basis of deformation calculation and geo- 
informational systems allowing forecasting the pa- 
rameters of geomechanical processes (Nurpeissova et 
al. 2012, 2014). Along with GPS technologies, sys- 
tematic observations are being conducted with elec- 
tronic tachometers and digital leveling devices in 
areas with intensive extraction of solid minerals. 

In Figure 5, a the result of monitoring is shown 
which testifies to: 

— continuous nature of earth surface deformation, 
and deformation occurs rather unevenly in time and 
space (depressions have positive and negative val- 
ues); 

— maximum deformation velocities that were evi- 
denced in 2008-2010 times to fault boundaries 
(Figure 5, b); 

— tectonic nature of earth surface depressions (by 
positive values of shifts of benchmarks in height). 
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Figure 5. Schedules of benchmark shifts in observation 
station: (a) vertical shift; (b) benchmark shift speeds. 


When observing deformations in underground de- 
velopments, Leica Geosystems robotic electronic 
tachometers were used as sensors. Later on, all in- 
formation on principle of system shift process and it's 
critical state parameters go to expert system where in 
the basis of databases and knowledge integration the 
assessment of mining enterprise is done and corre- 
sponding managerial decisions are substantiated. 

Analysis of underworked mass state was made 
from two positions. First, the potential threat of 
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vertical cracks system development in the mass 
was estimated which may act as channels for pen- 
etration of underground waters into the under- 
worked pit space. Secondly, the possibility of 
formation of weakened zones on the upper part of 
cut was considered which may be of real threat for 
surface facilities and engineering structures (Nur- 
peissova et al. 2013). 


3. CONCLUSIONS 


Complex assessment of rock mass condition allows 
taking into account the peculiarities of mass rock 
within the scope of geology, geodynamics, tectonics 
and, by this, improve the quality of geomechanical 
maintenance of mining. In turn, the results of geo- 
mechanical forecasts allow defining the most dan- 
gerous areas requiring monitoring of geophysical 
and surveying observations in order to localize 
technical faults areas. 

Researches continue and the results will be pub- 
lished by means of: 

— developing innovative methods of geomonitor- 
ing on the basis of satellite and laser technologies 
for creation of geospatial database on stress-stain 
state of rock mass allowing improving the accuracy 
and saving time on measurement work; 

— submitting application with “Methods of acous- 
tic forecasting of rock mass condition” and “Meth- 
ods of geomechanical process management” sub- 
jects for issue of innovative patents of the Republic 
of Kazakhstan for invention; 

— scientific publications with high impact factor 
jointly with foreign scientists. 
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ABSTRACT: In this work the inverse problem when the sizes of the beam for a predetermined period of its 
operation determine in an aggressive environment is solved. The optimization of the beam-rod structures is 
reduced to minimize the area of the metal structure in contact with this medium with the given parameters. 
Software upgrade Microsoft Excel Solver (“Finding Solutions”) is used in this study to determine the opti- 
mal sizes of rod structure elements without using the complex software systems. The formulas for determin- 
ing the height of the beam expressed in terms of a single parameter are obtained. The optimal ratio between 
the height and width of the beam is obtained. Thus, the saving material depending on the type of load is ap- 
plied: the effect of a distributed load — 10.65%, by the action of a concentrated force — 6.25%. 


1 INTRODUCTION 


Creating a rational design schemes in the most ad- 
vantageous values of the geometric parameters and 
the size of individual elements is the main condition 
of the metal structure engineering. 

These issues can be resolved by using a variant 
design and optimization. As a rule, optimum metal 
structure as a whole cannot be obtained on the basis 
of the optimal partial solutions of nodes as the link- 
age in complex individual nodes may lose their 
optimum values of the parameters. The solution to 
this problem may be the selection of more efficient 
and technologically advanced materials of construc- 
tion elements. With regard to metal to the fore the 
issue of reducing metal consumption while main- 
taining their strength, local stability and rigidity, 
since the mass of the structure largely determines its 
value (70% and above) 

Elements of many engineering structures in op- 
eration under-exposed to not only subjected to 
loads and temperatures, but also a variety of corro- 
sive media. And often these factors work together 
in the most unfavorable combinations, which sig- 
nificantly reduce the load-bearing capacity and 
shorten the life of the structure, and can also cause 
damage and even failure of the construction pro- 
jects. Failures of various designs leading to finan- 
cial losses, negative impact on the process, pose a 
threat to people’s lives. 

A metal structure for one of the main reasons for 
the refusal is material degradation due to corrosive 
wear with subsequent loss of strength. The user 
must assess the actual state of corrosion of metal 


411 


structures and to predict its change to take timely 
measures to prevent failures in the work and deter- 
mination of reserve service life. The mathematical 
model can perform its functions if it adequately 
reflects the real picture of the phenomenon, so it 
should describe the properties of an object to be 
available for research and work. In this case, various 
researchers often offer different models for the de- 
scription of the same process. In this regard, the 
selection of one of a plurality of possible mathemat- 
ical models of the corrosion process is caused by a 
specific situation the structure. 


2 CALCULATION METHOD 


In solving problems of stress-strain state (SSS) and 
durability corrosive designs traditionally used ap- 
proach based on the combined use of a numerical 
method for calculating stress-strain state and numer- 
ical method for solving the same Cauchy problem 
for the complex differential equations (CDE) de- 
scribing the process of damage accumulation 
(Ovchinnikov et al. 2012, Shashenko et al. 2013), 
and may also be involved in computer-aided design 
(CAD), realizing the finite element method for the 
determination of the SSS of the structures. One of 
the modern CAD tools is a software module such as 
SolidWorks, Ansys, Auto Desk Robot and others. 

Thus, the optimization problem of beam-rod 
structures operating in aggressive environments is 
reduced to minimize the area of contact with this 
medium with the given parameters. As the objective 
function accept: 


V =h: bol, (1) 


where V — the volume of metal beam m’; ho — the 
initial height of the beam section, m; bp — the initial 
width of the beam section, m; /— the beam length, m; 

The stress influence on the corrosion rate in the 
design calculations in the first time was consid- 
ered by V.M. Dolinskiy (Dolinskiy 1967). The 
exponential dependence of the corrosion rate of 
the magnitude of stresses in structures was pro- 
posed by E.M. Gutman and R.S. Zaynulin (Gut- 
man & Zaynulin 1984). The results of the optimi- 
zation of the initial form of no prismatic com- 
pressed struts of rectangular and circular cros- 
sections are performed in (Pochtman & Fridman 
1997, Fridman 2001). 

Problems of optimization of metal structures are 
covered in the papers by Y.M. Lihtarnikova (Lih- 
tarnikov 1979), I.S. Kholopova (Pholopov 1992, 
Kholopov & Popov 1999, Alpatov & Kholopov 
2009) and other authors (Mandelbrot 2002, Tro- 
fimovitch 1981). In general, the solution of such 
problems is very complex which is caused by the 
nonlinearity of their performances and certain math- 
ematical description difficulties. 

Specificity of optimization problems is that at the 
initial stage of design some initial parameters are 
given, for example: an applied load, the corrosive 
wear rate, the size of the beam section or its de- 
pendence, material properties, etc. In the future, the 
problem reduces to finding the time at which this 
design does not lose its strength properties. 

The purpose of our research is to obtain expres- 
sions for determining the necessary size of the 
original metal beams for a predetermined period of 
operation. Based on the features of calculation and 
design, as well as taking into account practical 
issues, we can formulate the following problem of 
optimal design: to determine the optimal geometric 
beam construction parameters for a predetermined 
period of operation. Using the dimensionless pa- 
rameter helps to unify the calculation of metal 
beam-rod structures which in turn reduces the time 
required. 

Rod metal structures often are subjected to a cor- 
rosion in the initial period of operation (the first 
10 — 15 years), further corrosion is slowed down but 
the process continues (Kovalenko 2012). In this 
regard, operation of the metal rod structure is taken 
during 10 years. 

The loads acting on the structure are in relation to 
it by external forces. These forces are applied to 
particular construction elements according to some 
areas of the surface or distributed throughout its 
volume. On the beam can act either the uniformly 
distributed load or the concentrated force. 
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Determination of the optimal size of the beam is 
derived from the ratio of the height of the rod beam 
section to its width, that is h/b. 

This paper analyzes the following most used ratio 
(Ivanova & Feskova 2014): h = 3b, h = 2.5b, h = 25, 
h= 1.5b. 

Consider a metal beam of, rectangular cross- 
section undergoing bending deformation from the 
distributed load q (Figure 1) and from the concentrated 
force, which can be expressed as P = q'l (Figure 2). 
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Figure 1. The action on the beam of the distributed load. 














Figure 2. The action on the beam of the concentrated force. 
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Figure 3. The cross-section of the beam. 


For the calculations the safety factor is taken 
n= 1.1 (Ivanova & Feskova 2014). Inputs: the dis- 
tributed load g = 10 kN/m, the length of the beam 
/= 1m, the yield stress St.3 steel o = 240 MPa cor- 
rosion rate v = 0.25 mm/year (DBN V.2.6-163.2010 
2011) within T= 10 years. 

Introduce the following assumptions: 

— the corrosion is uniform; 

—the corrosion lateral faces are neglected, since 
the side faces corroded significantly less than the 
top and bottom on Figure 3. 

Corrosive destruction of metals has the following 
characteristics: 

— destruction always starts at the surface and ex- 
tends into the bulk metal; 

— the destruction is often accompanied by changes 
in the surface of the metal. Damaged areas are seen 
on the metal in the form of asymmetric depressions, 
points, “pitting”, etc. 


During the period of operation of the original 
height of the beam — họ, due to the corrosion process 
is reduced to a value — h. Based on this, write: 


hy =h+2-v-T, (2) 


where /fy—the original height of the beam, m; 
h — the final height of the beam (at the end of opera- 
tion), m; 7’ — the period of operation of the beam, 
years; v — corrosion rate, mm/year; 2 — coefficient 
taking into account the corrosive wear of top and 
bottom edges of the beam (Figure 3). 

A condition of bending strength is given by (DBN 
V.2.6-163.2010 2011): 

M ql 2.6 P 3 
OW WW ed 6) 
where M -the bending moment, kN:m; W — the 
moment of resistance, m’. 

From the condition of the strength (3) we obtain 
the height of the beam: 


2 
p (4) 


An important role is played by the height of the 
beam after the corrosive wear because after opera- 
tion in the construction should not cause strain. 


3 ANALYSIS RESULT 


Substituting the height of the beam section A in (3) 
with the condition that o = 3bo and replacing in (4) 
b to ho, obtain: 


E n-9-q- l° 
ho ae (5) 


Similarly for: ho = 2.59; ho = 2bo; ho = 1.5bọ. 

The results of calculation of the sizes ratio with 
the distributed load are shown in Figure 4, with the 
concentrated force — Figure 5. 

Depending on the applied load the cross-sectional 
dimensions of the beam is changed, too (Figure 6). 
The action of the concentrated load on a beam the 
cross section height greater is 25% than under the 
action of a distributed load. 

The program MS Excel Solver (“Finding Solu- 
tions”), the application of which is presented in 
(Ivanova & Feskova 2014), allows determining a 
rational ratio h/b, depending on the applied load (dis- 
tributed and concentrated), of its sizes and length of 
the beam. In the research for optimal solutions many 
calls to the program (iterations) are performed. 

Depending on that the program enumerates the 
possible values and produces some results. 
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Figure 4. Graph of ratio of the beam section sizes with 
T= 10 years for the distribute load. 
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Figure 5. Graph of ratio of the beam section sizes with 
T= 10 years for the concentrated force. 
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Figure 6. Dependence of the original height of the beam 
cross-section of the type of the applied load (the distribut- 
ed and the concentrated). 


The most optimal dependence: a distributed load 
—h= 1.675b, for concentrated load — h = 3.201b. At 
this the material savings is achieved. 

Based on the obtained dependences, using the for- 
mula (3), we obtain the required beam dimensions, 
expressed in terms of one parameter, wherein the 
safety factor was n = 1.1 (Ivanova & Feskova 2014). 


Formulas for determining metal beams sizes for 
the distributed load: 

— with a certain beam section width 5, the length 
will be: 


4.1-5? -0 


| = (6) 


v 


F 


— with a certain beam section height A, the length 
will be: 


0.9- h? -0 


| = (7) 


v 


F 


— with a certain beam length / and dependencies 
h= 1.675b, sectional height and width can be de- 
fined as: 


2 

p= 88 P (8) 
2 

Ae 7 


Formulas for determining metal beams sizes for 
the concentrated force: 

— with a certain beam section width b, the length 
will be: 


7.5-b? -0 


| = (10) 


v 


f 


— with a certain beam section height A, the length 
will be: 


0.23- k? -0 


| = (11) 


f 


— with a certain beam length / and dependencies 
h = 3.2016, sectional height and width can be de- 
fined as: 


2 

payer (12) 
2 

p= ea, (13) 


4 CONCLUSIONS 


The formulas are obtained for determining the size 
of the beam with the specified term of operation in 
an aggressive medium expressed in terms of a single 
parameter. It is obtained the optimal ratio between 
the height and width of the beam, thus saving mate- 
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rial, depending on the type of load, is applied: the 
effect of the distributed load — 10.65%, by the ac- 
tion of the concentrated force — 6.25%. 

Under the action of the concentrated load on a 
beam the cross section height greater is 25% than its 
higher under the action of a distributed load. 

The application of software add-ins Microsoft 
Excel Solver (“Finding Solutions”) allows determin- 
ing the optimal sizes of rod structures elements 
without using complex software systems. 
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Faults and linear crusts of weathering as a gold-controlling factor 


K. Zmiyevskaya 


M.S. Poliakov Institute of Geotechnical Mechanics under the 
National Academy of Sciences of Ukraine, Dnipropetrovsk, Ukraine 


ABSTRACT: This paper studies the results of faults separations and genetically connected linear crusts of 
weathering with them. The results were made by using the natural impulse electromagnetic field of Earth 
(NIEMFE) method on the Solonianske ore field fragments. Though, extracted structures were considered as 
gold-controlling on the Sergijivske deposit and Soniachne mineralizations. Their spatial orientation on the 
studied areas was analyzed, as well as their connection with faults which complicated the bedding of rocks 
on the Srednepridneprovskii megablock. Comparison of received trend azimuths of faults are demonstrated 
not only according to NIEMFE but to geomagnetics, geoelectics. It allowed to conclude that, deformation 
processes which formed observed net of faults within the Srednepridneprovskii megablock, provided appear- 


ance of faults on the Solonianske ore field. 


1 INTRODUCTION 


Faults and linear crusts of weathering on the East 
European and Siberian platforms are connected with 
deposits of iron ore, rare-earth minerals, nickel, 
manganese, gold and other minerals. Gold ore de- 
posits on the Ukrainian shield which are linked with 
faults and linear crust of weathering: Balka Zolota, 
Balka Shyroka, Sergijivske, Klintsevske, Surozhske, 
Jurijivske and others were explored. Faults and 
linear crusts of weathering should be considered as 
one of the most important ore-controlling factor. 
Hence, it is a crucial task to study, map and analyze 
their spatial orientation. 


2 MAIN PART 


In studies of deep faults of the Ukrainian shield, 
which were defined with geophysical method by 
K. Tyapkin (Tyapkin & Dovbnich 2009), main six 
pairs mutually orthogonal system of deep faults 
were defined. They divide blocks, which are set 
with polytypic rocks complexes and are character- 
ized by continuity of bearing of trend, wide width, 
depth and distances between them. Deposits of main 
minerals such as iron ore, manganese, nickel, gold 
and others are connected with their development. 

Within blocks a wide net of faults are present. 
They are notable for smaller length, width and per- 
haps have smaller depth. 

On the one of the most studied blocks of Ukraini- 
an shield the Srednepridneprovskii megablock 
(SPMB) the main systems of intra-block faults are: 
0° and 270°, 17° and 287°, 35° and 305°, 45° and 
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315°, 62° and 332°, 77° and 347°. Furthermore, 
another two pairs of directions with azimuths 25°, 
56° and orthogonal to them 295°, 326° can be seen. 

Perhaps, intra-block faults (higher- order faults) 
are appearing in the late phase of block formation 
and corresponding folded structure. These faults are 
presented with: 

— tectonic contacts of rocks with different litho- 
logic-and-petrographic structure; 

— different phases of metamorphism and/or with 
different structural plans of intrusive formations, 
mainly basic or ultrabasic structure in the form of 
dykes and elongated bodies, which are filling frac- 
ture openings; 

—crushing zones, mylonitization, silicification 
and demonstrations of other secondary processes. 

In most cases, mentioned aspects are characters of 
linear crusts of weathering. 

Thus, gold ore deposits which are localized in- 
granitoid-gneiss greenstone terrain (GGT) zones are 
connected with faults and linear crusts of weather- 
ing. The most perspective and studied one in 
Serednioprydniprovsky1 GGT is Surska greenstone 
structure (GSS) (Figure 1). 

Today, within its territory group of related struc- 
tural and compositional plan of deposits and ore 
occurrence is known. On its territory such gold ore 
deposits and mineralizations were discovered: Ser- 
gijivske, Balka Zolota, Balka Shyroka, Soniachne, 
Nove, Apolonivske, Shidno-Apolonivske, 
Raschetnoe, Pivdenno-Petrivske, Dorozhne, Tanino 
and others. 





Figure 1. Scheme of tectonic structure of Seredni- 
oprydniprovskyi megablock of Ukrainian shield 
Sc 1:1000000 (Gurskiy et al. 2004), ppLegend: © — cir- 
cled figures indicate following faults: 1 —Kryvorizko- 
Kremenchutskyi; 2 — Derezovatskyi; 3 — Malokaterynivs- 
kyi; 4 — Gorikhovo-Pavlogradskyi; — — — — higher-order 
breaking failures; Second-order breaking failures; 
— study area (Solonianskyi ore field) within Sergi- 
jivske deposit and Soniachne ore occurrence. 





V. Kravchenko and M. Ruzina in studies of fault- 
ed tectonic (Sc 1:1000000) and its connection with 
ore-bearing (Kravchenko & Ruzina 1997), discov- 
ered that by number of appearances of ore manifes- 
tations, confinedness to different system faults, 
which were detailed within the Surska structure, 
five of six systems are ore-bearing. The most pro- 
ductive, on their opinion, are the following: 45° and 
315°, 35° and 305°, 17° and 287°. Less ore-bearing 
are — 62° and 322°, 77° and 347°. To prospect less 
system authors refer 0° and 270°. At the same time, 
intersection nodes of these systems are considered 
as the main structural ore-controlling factor. 

In detailed studies of faulted tectonic of Sergi- 
jivske deposit (Sc 1:1000) and Solnechnoe ore mani- 
festations (Sc 1:2000), according to current observa- 
tions of natural impulse electromagnetic field of 
Earth (NIEMFE), author determined the gold- 
controlling role some of the following systems of 
dedicated damages, which is presented in Table 1. 

For comparison, trend azimuths of faults and line- 
ar crusts of weathering of SPMB and deposit areas 
of Sergijivske, Soniachne ore manifestations are 
also presented in table 1 according to tectonic map 
of Ukraine (Gurskty et al. 2004). 

Sublatitudinal trend is the main development di- 
rection of faults and linear crusts of weathering on 
the Sergiivske deposit. It is determined by for- 
mation and by following activation stages of sub 
latitudinal Devladovskyi fault, in close vicinity of 
which the Sergijivske deposit area is located. 
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Table 1. Trend azimuths of faulted damages and linear 
crusts of weathering of SPMB and deposit areas of Sergi- 
jivske, ore manifestations of Soniachne, dedicated accord- 
ing to tectonic map of Ukraine (Gurskiy et al. 2004) and 
by observation results NIEMFE. 


Serednio- 


j : Sergijivske Soniachne ore 
prydniprovskyi ; í l 
megablock deposit manifestation 
(Gurskiy et al. (Zmiyevskaya (Zmiyevskaya 
2004) 2014) 2014) 
0° & 360° = 
co — 12° 
17° _ = 
n — 25° 
30° 27°— 30° 30° 
35° — o 
40°— 45° 45° 40° — 45° 
50° 50° — 
— 65° — 
oe a 70°— 75° 
85° — o 
90° & 270° 
290° 290° — 
300°— 305° 300°— 305° a 
310° 310° — 
315° — 320° 315°— 320° 315° 
330° — 335° — — 
340° — 340°— 345° 
350° = o 


Furthermore, diagonal systems of faults 45° — 50° 
and 315° — 320°, 27° — 30° and 300° can be seen. 

The gold ore mineralization is connected with 
dedicated structures. Gold ore mineralization gravi- 
tate towards systems of faults 70°—75° and 
340° — 345°, 45° — 315° and 12° on the Soniachne 
ore manifestation area. 

By accomplishing a comparison of the main trend 
azimuths of previously dedicated structures for 
complex geophysical studies as: magnetic survey, 
geoelectric survey, made in Sc 1:2000 (Malinovskiy 
& Berzenin 2001) on the Sergiivske deposit and 
Solnechnoe ore manifestation, similar strikes of 
discontinuous structure were received (Table 2). 

General trend azimuths of faults which were dedi- 
cated by different geophysical methods are: 0° and 
90°, 12° — 17° and 287°, 25° — 30° and 300° — 305°, 
50° and 320° — 325°. 


3 CONCLUSIONS 
Faults on the Sergijivske deposit area have following 


trend azimuths: 0° and 90°, 45° — 50° and 315° — 
320°, 27° — 30° and 300°. 


Table 2. Trend azimuths of the main tectonic structures 
and linear crusts of weathering, dedicated according to 
geophysical studies (Malinovskiy & Berzenin 2001). 


Trend Trend Trend Strikes 
azimuths, E azimuths, dedicated 
dedicated : > dedicated on the 

i dedicated À , 
on residual ' on isoresis- map of 
on residual eas 
anomaly tivity map anomaly 
anomaly 
Map Pcresid. map Pe. geomag- 
(AB/2) = Kuo (AB/2) = netic field 
250 m Sea 250 m ATa 
0° & 360° 
12° 12° — 10° — 12° 
17° 17° 17° — 
35° — 35° 30° — 35° 
— — 45° — 

— — — 60° — 62° 
— — 77° — 
90° & 270° 
E o E 275° 

287°— 290° 

— — 287°— 290° o Š 
305° = 300 E 

= 3 1 r ae 3 15° 

— 315 — 3270 

— — 325° 
332° 332° 332°— 335° o 

— 340° — o 
347° 347° 347° E 

— 355° — 


Faults on the Solnechnoe ore manifestation area 
have following trend azimuths: 70° — 75° and 340° — 
345°, 45° — 315° and 12°. 

Comparison of received trend azimuths values of 
faults which were dedicated by different geophysi- 
cal methods, allowed to conclude that deformation 
processes, which formed an observed net of faults 
within SPMB on the whole caused an appearance of 
faults on the Solonianske ore field. 
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On some mathematical models of facility location 
problems of mining and concentration industry 


S. Us & O. Stanina 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: The optimal location problem for mining and concentration enterprises in a given region has 
been studied. The discrete and continuous location models were analyzed. New mathematical models have 
been formed. They combined discrete and continuous task feature and took into consideration multi-stage 


character of production process. 


1 INTRODUCTION 


The production and use of energy resources are 
the most important prerequisite for translational 
and sustainable economic growth in Ukraine. The 
mining industry has a special role in this process. 
This industry includes the production, processing 
and concentration of mineral resources (energy, 
ore, mining and chemical, building materials).It is 
distinguished by a high degree of concentration 
and large scale of production, which allows to 
reduce the cost of production, and to apply mod- 
ern technology. 

Analysis of factors affecting the strategic plan- 
ning of development of coal enterprises was held in 
(Melnikov & Pavlenko 2012), the economic as- 
sessment of the costs of raw materials in the pro- 
cessing of underground and surface ore deposits was 
given in work (Prokopenko & Tymoshenko 2004) 
and features of the development of these enterprises 
was emphasized. The need to develop new enter- 
prises (for example development of new fields) and 
modernization or reorganization of the existing 
enterprises is a characteristic feature of development 
of this industry, and therefore there is the problem 
of optimal location of enterprises in the given area. 

To solve this problem it is necessary to take into 
account various factors (economic, social, environ- 
mental) and features of the industry, but in modern 
conditions this is impossible without the use of 
mathematics and information technology. That’s 
why, the creation of adequate mathematical models 
problem of locating production is relevant. 

The purpose of study is scientific justification of 
mining and concentration industry location. 

The task of investigation is to propose the system 
of mathematical models for concentration industry 
location. 
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2 FEATURES OF LOCATION PROBLEM 
FOR ORE PROCESSING ENTERPRISES 
AND EXISTING MODELS ANALYSIS 


Facility location problem has been interesting for 
many researchers for a long time. They occur in a 
variety of practice areas, to solving a wide range of 
issues. Continual interest to this problem is con- 
firmed by a great amount of papers dedicated to the 
creating mathematical models, efficient methods 
and algorithms of solving various facility location 
tasks (Mikhalevich et al. 1986, Montlevich 2000). A 
survey of facility location tasks and methods of this 
solving are given in (Drezner & Hamacher 2001, 
Farahani & Hekmatfar 2009, Brimberg et al. 2008). 

Initially, researchers in the field of economics 
(Launhardt, Weber, Tyunen etc.) (Blaug 1994) have 
isolated groups of factors that must be considered in 
solving the problems of accommodation, namely natu- 
ral-geographic, socio-demographic, techno-economic, 
socio-economic, environmental, transport, since as 
only consideration of the totality of unequal spatial 
conditions, resources and their properties and proper 
use will provide the best results when placing pro- 
duction facilities and development areas. 

The most important principles (Shulgin & Elagin 
2004) which govern by the issues of territorial plan- 
ning are: 

— approximation of production to sources of raw 
materials, fuel and consumers of products; 

— environmental protection and rational use of 
natural resources; 

—an excessive production concentration in cities 
has to restrict; 

—alignment of economic development levels of 
regions and districts. 

— strengthening the country’s defense; 


— consideration of the interests of economic inte- 
gration to the European world market. 

In common case location-allocation problem 
(LAP) can be formulated as follow: It 1s necessary 
to determine an optimal number and location of set 
facilities and assign customers to them such a way 
that the total transportation cost is minimized and 
customers demand is satisfy. 

Classification and survey LA problem and solu- 
tion methods are represented by (Drezner & 
Hamacher 2001). 

A lot of papers formulate LAP such as: let the set 
I= {1,...,m} describe possible locations for the 
enterprises, which making one of some kind of 
products. Enterprises could be opened in any 
points of set /, and value c,20 defines the asso- 


ciated costs. The opened enterprises can make 
unlimited quantities of product for customers. The 
list of customer is given by set J= {1, ..., J}, val- 
ue g; 20 is cost of production and transportation 


of the product to the customers for any couple ij. 
The task is to determine the set Sc J, S# of 


the installed new enterprises, and partitioning the set 
of clients J, so that all clients would be connected to 
enterprises, needs of all clients have been met and 
the cost of transportation would be minimized. 

Using these notations the problem of optimization 
formulation can be written as follows: 

F(S)= £c; + X} ming; > min. (1) 
ieS jeJ ES ScI 

It should be noted that the placement of enterpris- 
es has significant features depending on the type of 
production. 

Therefore, we can get a variety of mathematical 
models, depending on these factors. 

One of the simple and natural ways to location is 
the approach, proposed by (Pupasov-Maksimov et 
al. 2013). It takes into consideration a number of 
enterprises location features on example HPP. 

The authors consider such factors as the location, 
proximity to infrastructure, the distance to the con- 
sumer, demand and the overall cost. 

The proposed mathematical model is formulated 
in such way: 


R 
rank = nw wkP-kP+ wded eaa i 
Rd max 

F P 

— wLd ———— — wFa app so (2) 
Ld max Fa max Pc max 
where: 
nw = (wkP? + wdf* + wRd? + wLd? + 
oi 

+wFa? + wPc?} k : (3) 
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w(i) — the weight of appropriate factor, kP — capacity 
factor, df — demand, Rd — the distance to the consum- 
er, Ld — the length of the diversion canal, Fa — area of 
flooded land, Pc — the cost of the project. 

This approach implies calculation of the rank for 
the proposed projects and the optimal project is 
chosen according to these parameters. 

A clear advantage of this approach is simplicity 
and clarity of calculation, however this way can be 
applied only if some variants of placement are 
known and there is a person (or group of peoples), 
who can define real value of coefficients weight. 

Other spread approach to facilities location is 
based on calculating total sum of spending and 
shown in (Rusyak & Nefedov 2012). 

Generally it can be written down in such way: 


F=} 2 8;z; tC tC +C, (4) 
EA 


where g;— are the cost of transporting raw materi- 
als (products) units from point i to point jJ, z,; — are 
the amount of raw materials (products), which 
transported from point 7 to point 7, Ci, Cy — are 
annual cost of raw materials processing and pro- 
duction accountant, C3 — are the cost of operation 
and service. 

But, this approach can’t be always used in prac- 
tice, because it doesn’t consider special features of 
industrial enterprises placement. 

There are some models, which enable to solve the 
same tasks. 

In the most general form the location problem of 
production can be formulated as follows (Velika- 
nova & Ladoshkin 2013): let J = {1, ..., m} 1s the set 
of regions, where enterprises can be located, 
J= {1,...n} — the set of product consumer, A, 20 — 


the costs of organizing production in region i, 
c; 20 transportation and product cost for demand 


satisfaction of client 7 by enterprise i, p > 0 the max- 
imum number of enterprises, which can be stated. 

It is required to find subset Qe S , allowing 
satisfying of all consumers demand with minimum 
total cost. 


Let: 
1, if the plant is placed in position i, 
Xi = . ? (5) 
0, otherwise 
l, if the plant i services customer j, 
ij T . . (6) 
0, otherwise 


The following mathematical model corresponds 
to a set task: 


F=} X} cjx; +} 4x; — min, (7) 
i j i 


under constraints: 


Xp Z Xic, jeJ, (9) 
2X; Sp, (10) 
iel 

xx E {01} ieJ, kel. (11) 


Peculiarity of this model is that it doesn’t suggest 
the raw materials delivery, that’s why it can be used 
only for such enterprises, which don’t demand its 
calling from outside. But in practice, this condition 
is often unfeasible; therefore models with considera- 
tion of transportation costs are more applicable. 

In this case, signify: 


1, if the plantis placed in position i, (12) 
xX. = Š 
' 10, otherwise 
l, if the plant i services customer j, 
Zij = i > (13) 
0, otherwise 
1, if the plant is gets a row materials 
Vn = from the suppliern k, 14) 


0, otherwise 


Then mathematical model can be formulated as 
follows: 


F=} X cjzy +} 4x; +E CY > min , (15) 
i j i i 

under constraints: 

È Zy =l (16) 
Xn 22,161, j7E/, (17) 
DX; <p 9 (18) 
ie] 

kel 

24%, € Ol} ie J, kel. (20) 


These models correspond to case when the num- 
ber of possible location places is finite and their 
positions have defined previously. 

However, in practice task, we often face the situa- 
tion, when enterprises can be located in any points 
of region. Such tasks, known as continual set parti- 
tioning problem (CSPP) were studied by (Kiseleva 
& Shor 2005). 

Let us formulate the task of optimal partitioning 
of continuous set in the following way. 

Supposing, there is a set of consumers of some 
homogeneous product allocated in the area 2 The 
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finite number N of producers placed in the isolated 
points 7,, i=1,N of the area 2 forms the system 
of points 7,,7),...,7, 3 besides, the coordinates of 


some points or all of them can be unknown early. 
The demand p (x) for product at each point x of the 


area Q and product delivery cost c; (x, T, ) , i= LN 
from a producer 7; to a client x are known. Assume 


that producer’s profit is only dependable on trans- 
portation costs. The capacity of a producer i is de- 
fined by a total demand of the service clients and 
should not be higher than specified volumes 


b., i=1,N. The area Qis required to be subdivided 


into service zones by each of the producers, i.e. into 
sets 42, 2, ..., Qy, to minimize the total costs spent 
on product delivery. 

Mathematical model of the stated problem can be 
presented as follows (Kiseleva & Shor 2005): let Q 
is a bounded Lebesgue measurable set in an n- 
dimensional Euclidean space £E”. It is required that 
the set is divided into N Lebesgue measurable sub- 
sets 2, Q, ..., Qy, and subset centers 7%, %,..., Gy 
are located in the area {2 to let the functional: 


FQ) iGO tate) 


N 
=) fals, )e(x)dx, (21) 
i=1 2; 

reach the minimum value under constraints: 

{ plx)dx <b,, i= LN (22) 
Qj 

mes(Q,2,)=0,i#7,i,7=1N, (23) 
N 

U2 =2. (24) 


i=l 


It should be noted the existence of multi-stage LA 
problems. This class is a generalization of multistate 
transportation and production problems, which is 
actively studied for the last time. 

Multistage facility location problem on a substan- 
tive level, is as follows. The set of businesses and 
consumers who need their products are specified. 
For production companies are united in technologi- 
cal chains. Thus products undergo several stages of 
processing. The set of feasible production chains are 
known. The cost of opening enterprises is given for 
each company. Production and transportation costs 
for each processing chains are known. For each user 
defined need to find a set of enterprises that with 
minimal total cost would allow to meet the demand 
of all consumers. 


This task can be formulated as the linear integer 
programming task with Boolean variables. 

Formalize the statement of the problem. 

Let N= {L,....3} is set of point of the final product 


demand; M, is set of possible location of the first 
stage enterprises, /, is set of possible location of the 


second stage enterprises; g; — are the cost of enter- 
prises placement for 1 and 2 stage correspondly, 
g, 20; c,, — are the transportation cost from point 7 to 


point j for unit of product, c; 20, ije N ; b,;—de- 
mand volume in pointj, b; >0, je N. 


It is need to select subset of locations for each 
level (stage) and make settings chosen productions 
at points of demand so as to minimize the total cost 
of all the selected accommodation facilities and the 
transportation of the product. 

To construct a mathematical model, we introduce 
the following notation: x;= 1 (y;,= 1), if enterprises 1 
(2) level is located in point ie M, (ke M 3) and 


x; = 0 (y,=0) otherwise; x; = 1 if the consumption 
point j is serviced by the 2-nd level point k& through 
the i-th point of the 1-st level, and x,;,= 0 otherwise. 
And the mathematical model is: 
Minimize: 


Lex + Egy, + 


ie M] keM9 
+Eb; E I (cu tcy Nir, (25) 
JEN  keM 2 ieM, 
yo eae, (26) 
keM aie My 
È Xyu SXp JEN, iE M], (27) 
keM2 
Dy Xa SMe SEN KEM), (28) 
ice M] 
Xis Yk» Xkij € Oly (29) 


This task and methods are considered in papers 
(Gimadi 1995). 

Now there are many papers devoted to solving 
methods for multi stage problem, for example (Tru- 
bin & Sharifov 1992, Bischoff et al. 2009, Ageev et 
al. 2009). But the continuous multi stage problems 
remain almost unstudied, because their realization 1s 
more difficult. Nevertheless there are many arias, 
where such kind of task exists. Particularly, extrac- 
tion and processing of natural resources (oil, ore) 
are the two-level process. 
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3. BUILDING MATHEMATICAL MODELS 


To build the mathematical model for location prob- 
lem of mining and concentration enterprises, we have 
to take into account such features of this industry: 

1. There are complex enterprises and different 
stages of its production processes are territorially 
divided. For example, mining and processing plant 
consists of such basic production subdivisions: 

— the mining division (quarries, mines); 

— the transport unit that 1s designed for the mined 
ore delivery to the processing plant. Ore delivery to 
the processing plant can be carried out using a varie- 
ty of transport systems and types of transport: road, 
rail, pipeline, cable cars, ore passes and other; 

—the division for processing of mined minerals, 
which is usually represented by the processing plant; 

— general manufacturing divisions: electric indus- 
try, repair and mechanical workshop and other nec- 
essary subdivisions. 

2. Enterprises are located in points, which are not op- 
timum in terms of availability of labor, material, energy 
and other resources of geographic areas, and tend to 
mineral deposits (Melnykov & Pavlenko 2012). 

3. The production capacity size of the coal enter- 
prise depends on the mineral resources quantities, 
their mining-geological characteristics, extraction 
technology possibilities are projected, used tech- 
nique and technical capabilities of the several stage 
of the production process. 

Thus, modeling of placement such enterprises we 
have to consider: 

1. Resource allocation in given area is not con- 
centrated in some points but it is placed in area con- 
tinuously. 

2. The production is multi stage. 

Analysis of trends in the development of open cast 
mining in Ukraine and abroad shows that more and 
more importance in the formation production costs 
gets transportation of raw materials. The cost of the 
rock mass transporting reaches now 40 — 60% of the 
total cost of ore production, and when the depth of 
quarries nearly 500 — 1000 m it increase to 70% (An- 
istratov et al. 2007). Accordingly the transport effi- 
ciency affect significantly to the cost of the final 
product, and thus the main criterion for the building 
of mathematical model of a location problems is min- 
imum of the total cost of transportation and the enter- 
prise accommodation (although others are possible). 

A characteristic feature of this production process 
is the presence of two phases implemented at enter- 
prises of various types. 

The organizational structure of production is 
shown schematically in Figure 1. 





Figure 1. Scheme of organizational structure of production. 


Ore is mined at a mine and it is then sent for con- 
centration via hydraulic transport. The concentration 
plant directs the resulting commercial concentrate to 
the consumption point (e.g. warehouses, or other 
businesses). Thus, the manufacturing process in- 
volves several stages requiring a variety of produc- 
tion resources. Furthermore, when locating compa- 
nies of the first stage it is necessary to consider the 
distribution of raw materials in the given area based 
on geological exploration. 

Location criteria may be different: one of the most 
common is to minimize the transportation costs for 
the delivery of raw materials and finished products. 

Informal statement of location problem for a multi- 
stage processing industry can be summarized as fol- 
lows: it 1s necessary to place concentration produc- 
tion, which includes mines and processing plants in 
the region Q, so that the cost of shipping raw materi- 
als and products was minimal. It is assumed that 
mines can be placed anywhere in the area Q, possible 
location of factories have known early and the loca- 
tion of a finite number of users is known in advance. 

To construct a mathematical model, we introduce 
the following notation: Q — given domain; 2; — fixed 
area of i-th mine; A — the cost of enterprises place- 
ment (mine or plant); N — the number of mines; 
M — the number of plants to be placed in the area; 
K — finite number of consumers; J; — point of j-th 
plant location;z’; — coordinates of i-th mine; 
T= (C1, Tos G coordinates of j-th plant; 
P; = (Pi Py); Tk — coordinates of the consumer, 
Tr = (ie Tx); Ci = C Ax, T;) — cost of shipping a unit 
of raw material to i-th mine; c’; = c’(¢;, t) — cost of 
shipping a unit of raw material from i-th mine to j-th 
plant; ci = c"(t;, T4) — the cost of delivery of products 
from j-th factory to k-th consumers; p(x) — thickness 


423 


of a seam at the x point of Q; v’, — the volume of 
products delivered from i-th of the mine to j-th plant; 
vi« — the volume of products delivered from j-th fac- 
tory to k-th consumers; 5’; — the yield of i-th mine; 
b”; — maximum production capacity of the plant; 
b", — the demand of k-th consumer. 

The total cost of transportation and the enterprise 


accommodation can be writing as follow: 
No, Mo, N , 
LA + DAPA, +> Je} kr Jo(x)av + 
i=l j=l i=12; 
NM KM) 
+d Levy; + DL LCV A, (30) 
i=17=1 k=1j=1 
Constrains of the task can be formulate in such 
way. 
The total reserves of the resource in the service 


area of the i-th company 7 stage are not less than the 
production capacity of the company: 


fpolxÀddx 2b", i=1,2,..,N , (31) 
Q; 


corporate demand of plants of the second stage must 
be satisfied: 


N 
ivy =b7, f=12,...M, (32) 
i=] 


corporate demand of consumers must be satisfied: 


M 
VeVi A; = bp, K=1,2,...,K . (33) 
j=l 


Then the above problem can be described by the 
following model: 
Minimize: 


i=l 


N M N 
DAP + D APA, +> fej (x, a Jo (xJax + 
j=l i=l OQ; 


N M EE oe K M u ( yaua 
+ È dCi (r Ti 7 A, +h Lcix 7) TMA; - 34) 
i=l j= is 


Under constrain: 


T= (Et, rh Je Q”, (35) 
T” = (r? t? rE, )e Q” , (36) 
N 

U2, =2, (37) 
i=l 

Q,02,=0, i# j,i,j=hn, (38) 
{ plx)dx > b", i=1,2,...,.N, (39) 
Ni 

N = 

Yep =b? J5LM, (40) 
i=l 


M 

È Vik = OE Kala. (41) 
j=l 

We 20, 0=1 No fle, (42) 
Vik 20, k=1,2,...,K , (43) 


where the constraints (37 — 38) mean a partition of 
Q into the service areas for mines, that is, to cover 
the whole area Q (37), and to serve each point of the 
area by only one mine (38); (39) — ensures that lim- 
its for enterprises capacity are executed, (40 — 41) — 
mean that corporate demand of plants of the second 
stage and consumers must be satisfied. 

This model can have various modifications, for 
example the restrictions on the plant capacity may 
be absent or enterprises any stage may be placed 
anywhere in the field. These models are shown in 
(Us & Stanina 2014). 

A feature of the proposed model is a combina- 
tion of discrete and continuous component and 
that’s why it requires a special approach to a solu- 
tion. Some of approaches to solving this type of 
problems are suggest by authors. They based on a 
sequential decision of continual optimal set parti- 
tioning problem and discrete multi-stage facility 
location problem. 


4 CONCLUSIONS 


In recent years, a growing number of researchers 
drew their attention to the solution of various prob- 
lems in the field of economy of material and natural 
resources. In this work some of the mathematical 
models of locating production in the mining indus- 
try of were considered and analyzed taking into 
account various criteria. Specific characteristics of 
their use were considered. 

Mixed discrete-continuous model of two-stage fa- 
cility location problem was suggested for the problem 
of locating processing industry, which allows taking 
into account features of the industry. Namely, a con- 
tinuous distribution of minerals in area and the pro- 
duction of multi-stage, which allowed reducing the 
cost of transportation of raw materials and final prod- 
ucts, and eventually reducing the production cost. 
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ABSTRACT: In the article the analysis of real exploitation conditions of the systems “vessel — reinforce- 
ment” in vertical shafts is executed, recommendations providing the necessary increase of operating strength 
security of hoisting plants for the shafts with the broken geometry are represented. The researches are done 
on the base of application of modern hardware and software measuring complexes, calculation of the correct- 
ing impacts localized to address and controlling parameters. These measures are applied to prevent the emer- 
gency situations and provide transition of shaft equipment in the state of the equal spreading of set level 
safety indicator on the depth of shaft, at influence of external factors of difficult technical and mountain- 
geological conditions with minimum technological economical expenses. 


1 INTRODUCTION 2 DYNAMIC APPARATUS CONTROL 
OF STATE OF SYSTEM “VESSEL — 
In the operative mine shafts in the area of mountain REINFORCEMENT” 


breeds movement guides’ deviation from vertical 
line are the main source of excitation of strike- In the presence of local defects, the dynamic isolation 
cyclic interaction. of processes is disrupted by separate links distributing 
Mine shafts are the continuously changing systems, energy such that stochastic processes appears in tem- 
in a different period of time found in different types poral concentration in motion in links or within pairs 
of the technical state — from normal to emergency of contiguous links. Such energy pumping corre- 
dangerous. With the increase of exploitation term sponds to unforeseen resonance activation in the sys- 
speed of possible transition from one state to another tem of different types: external, internal including 
increases because of the contemporary accumulation parametrical, “beating”, auto-oscillations, etc. 
of the concomitant degradation occurrences in the all The most dangerous behaviors are resonances 
elements of shafts’ equipment. It is the main source which are revealed upon actual operation of the 
of failures in mine shafts with the heavy material mine hoist and attempts to compensate are taken 
consequences and threat for the people life. into account in an operating project documents. An 
The mine winding plant (MWP) is an extensive, array of other resonance effects is camouflaged 
multiple-link, multi-oscillatory system with multiple from attention and only revealed indirectly via 
degrees of freedom where links consist of a combina- disturbances in the chain of dynamic links and 
tion of assumed hard limits of operating parameters operations of individual links. These defects ap- 
and stochastic variables with high variability. During pear as unexpected energy due to accumulation of 
their operation exists strong correlations between system effects from the total influence of insignifi- 
mutual influenced dynamic processes where non- cant defects in the functioning of links. Such ef- 
localized heterogeneous links influence each other. fects are not studied and not reflected in a norma- 
The operational state of each link is sufficiently tive documentation on servicing, adjusting, and 
characterized by a set of diagnostic parameters with diagnosing tests on the MWP equipment. This is 
normative values that are both deterministic and sto- especially true in the MWP shaft equipment where 
chastic in nature. The functioning deterministic state conditions of: 
of the MWP links must work in the projects dynamic — intensive corrosive effects and mechanical wear 
operation dampening the presence of the undue fluctu- are present; 
ations influencing the dynamics of other system links. 
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—reinforcement with minimal permissible errors 
on amplitudes of oscillations of lifting vessels 
(20 —30 mm) as compared to their overall sizes 
(10 — 20 m) exists; 

—small deviations of guides from the vertical 
alignment (10 mm on contiguous tiers); 

— large contact loading in a pair “vessel — 
exist. 

— transmissible on bunton and shaft’s lining are 
present. 

The main MWP working element and concentra- 
tor are subject to influences from different links 
within the plant while lifting the vessel where the 
links attempt to provide a safe and stable hoisting 
motion. 

Objective information measuring the technical 
parameters of MWP equipment operational states 
experiencing long-term exploitation, consist of spe- 
cial inspections of apparatuses during dynamic tests 
of hoisting during operating and test conditions with 
subsequent system analysis. In Ukraine, such meas- 
urements are conducted in accordance with posi- 
tions of normative documents and involve complex 
constructions described in articles (Cherednichenko 
et al. 2008). In a number of countries, dynamic con- 
trol of the systems “vessel — reinforcement” is ob- 
ligatory along with traditional surveyor observation 
of guides’ shape. 

Project tiers of reinforcement are designed to 
work with identical terms of loading and, at one 
level, resist loading from the side of lifting vessels 
and rock massif. During the first decade of exploi- 
tation, because of influence of aggressive environ- 
ment, dynamic loading, moving of rock, and repair 
works there appears sharply heterogeneous changes 
on the depth of the shaft picture dispensing levels of 
bearing strength and reinforcement elements — 
guides & buntons. 

As a result of data analysis, greater than one hun- 
dred and fifty (150) inspections and dynamic tests 
of systems “vessel — reinforcement” must be con- 
ducted on mine shafts to determine their technical 
state and operating security level. These tests are 
conducted by Diagnostic Laboratory of the mining 
hoist of IGTM in the name of N.S. Polyakov NAS 
of Ukraine, that states during the life cycle of shaft’ s 
functioning values of technical state parameters of 
elements of reinforcement get substantially hetero- 
geneous character on its depth. They can be unlike 
on different areas of shaft in 5 — 10 times. 

The level diagrams for remaining sections of 
guides and buntons, was derived on the basis of 
instrumental measuring during mine shaft inspection 
and can serve as illustration of this statement (Fig- 
ure 1). An upper line shows a project level for new 
reinforcement (100 %), and continuous curves show 


guide” 
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its value varies on the numbers of tiers. The dotted 
line represents the level of loss of section 20% 
where below it an object must be exposed to special 
inspections for estimation the operational technical 
state and security level of exploitation. As we see on 
the beams of the central buntom, there are anoma- 
lous areas of section loss up to 90% in the top part 
of shaft at tiers No 60 — 50 (with the proper level of 
loss of load-carrying ability), while on average the 
section shaft loss consists of 50 — 60%. 


(a) 


Project level 


Central bunton 





(b) 





Remaining coefficient 


Number of tier 


Figure 1. Diagram of levels of remaining section of rein- 
forcement elements. 


The picture is different for guides, where the first 
guide lost up to 40% section in top part of shaft, and 
the second has an obvious local anomaly on the area 
of tiers No 270 — 280 with a loss 50% of section at a 
general level of section’s saving to 80% in the shaft. 

A similar process of homogeneity loss concerning 
properties takes place in the geometrical parameters 
of guide shapes which the lifting vessels move, thus 
geometrical heterogeneity concerning reinforcement 
on the depth of shaft appears (Ijin et al. 2013). 


Our research indicates that along points in the 
shaft, there exist sharp changes in the speed of ves- 
sel lifting especially with action covering the pre- 
ventive brake. There are horizontal impacts of ves- 
sels on guides that are four — five times higher than 
during motion with constant speed, this is due to the 
excitation of vertical speed oscillations along a resil- 
lent rope. Repeating from cycle to cycle, they are 
instrumental in accumulation of tireless damages in 
guides and buntons, formation of cracks on the 
welds, weakening of attachment points of guides, 
slacking of buntons in the places of lining attach- 
ment (Iljina 2010). 

All these heterogeneous anomalies which are 
simultaneously, permanently and slowly changing - 
affect the process of dynamic cooperation of vessel 
with reinforcement which it takes place on each tier 
area. Original dynamic heterogeneity of loading 
reinforcement on the depth of shaft with the middle 
level and areas of dynamic anomalies appears as a 
result of such imposition (Figure 2). 


Curve of maximum loadings for all cycles of tests 






Contact loadings, kN 


ANa 
0 50 100 150 200 250 300 350 400 


Numbers of tiers of reinforcement 


Figure 2. Diagrams of the dynamic loadings on guides dur- 
ing motion of lifting vessel. 


The primary factor determining the technical state 
of shaft’s reinforcement is remaining assurance 
coefficients concerning elements (guides and bun- 
tons) which are defined on every tier. Destruction of 
any even along one tier will inevitably result in a 
failure with drastic consequences. 

Dynamic cooperation along vessels with rein- 
forcement has an impact and cyclic causal character 
and this has been taken into consideration while 
estimating the technical guides and buntons states 
under effect during the actual operating loading 
cycles. It is necessary to adopt the minimal assur- 
ance coefficient (2.0) on the criterion to account for 
the accumulation of fatigue damages in metalware 
reinforcement. A combination of loading and re- 
maining ruggedness for guides and buntons, pro- 
vides an assurance coefficient (on the limited area 
of shaft) such that its technical state is considered 
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safe. As assurance coefficient declines from 2.0 to 
1.0 (on a local area or even on separate tiers) the 
state becomes potentially dangerous, requiring spe- 
cial supervision after appearance of fatigue cracks 
and another defect. Tiers (with an assurance coeffi- 
cient less than 1.0) are considered on the limit of 
stretching strain, thus it is necessary to considered 
them abnormal, dangerous and required immediate 
acceptance of measures or decline of the contact 
loading (due to the decline of motion speed on an 
area) or on the renewal of ruggedness of the element 
of reinforcement . 

There are three independent and basic processes 
affecting the remaining assurance coefficients con- 
cerning bearing elements of reinforcement: 

—wear of guides and buntons (corrosive and 
mechanical); 

—curvature of spatial shape of guides (under in- 
fluencing of moving of rocks and violations at per- 
manent repair of reinforcement, formation of ledges 
on the units of guides); 

— sharp change of altitude rate of lifting vessel. 

Reinforcement wear causes a decline in the re- 
maining load-carrying capability of its elements 
where the decline is due to the possible contact 
loading at the intended values of assurance coeffi- 
cients. Curvature of guides’ shape causes growth of 
the dynamic loading on the local areas of the shaft - 
on condition of absence of the resonance effect. 
Sharp changes in vessel altitude rater (emergency 
braking (EB), in particular) cause certain areas of 
instability along the shaft with growth in the hori- 
zontal dynamic loading on guides (Iljina 2010). 

Indicated heterogeneities are the sources of poten- 
tial danger during the long exploitation of lifting 
complexes. 

The “Diagrams of safety” are the graphic form of 
this system and presented with measurments and 
calculations (Figure 3), which are built for each 
element of reinforcement. They include the results 
of mathematical data processing for instrumental 
measuring of guides’ and buntons’ wear, apparatus 
measuring of the contact loading, stress-strain anal- 
yses of reinforcement (Iljin et al. 2002). 

Curves of maximum possible contact loading 
from the side of lifting vessel for the assurance coef- 
ficient of n= 1, n= 1.5, n=2 are built on diagrams 
for each guide or bunton using the numbers of tiers 
of reinforcement. They take account of the actual 
remaining thickness of given section of the given 
element and curves of the actual maximal contact 
loading got for all test passways of vessel in a shaft 
according to the program of dynamic tests. 

Diagrams depict: 

— areas of assurance values / coefficients for each 
certain element of reinforcement on every tier in the 


moment once inspection is exploited (emergency 
dangerous, potential dangerous, safe); 

— because of technical reasons an element enters 
a negative area of safety according to the assur- 
ance coefficients. Appearance of areas of failures 
on the curves of possible loading is caused by the 
increased wear of the given element of reinforce- 
ment. Therefore, even at the moderate dynamic 
loading an element can be exploited in an under 
abnormal condition dangerous area. Appearance of 
splashes of the increased values of the actual oper- 
ating loading is caused by the presence of large 
local disturbing of straightness of guides’ shapes 
or ledges on their units. 

From the analysis of diagrams we observe what 
technical measures are necessary in order to choose 
primary metrics and plan for translation of element 
exploitation in areas with high assurance coefficient 
values. The decline in the level of the contact load- 
ing on the set area of shaft (above all things) can be 
provided with decline of altitude rate of vessel on an 
area, or with correction of parameters of guides’ 
shapes or ledges in units. The increase of level of 
the possible loading on element without a correction 
of shape and altitude rate of vessel is achieved by 
replacing or measures on strengthening of load- 
carrying capability construction. 
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Figure 3. The diagrams of safety for the lateral boxlike 
guide of strong reinforcement in skip compartments of 
mine shaft in lateral (a) and frontal (b) loadings. 
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Doing this work on the mines reveals that even in 
the hard technical conditions, the effective man- 
agement by exploitation safety of shaft equipment 
and its maintenance is possible. 


3 METHODS OF DYNAMIC LOADINGS 
DECREASE IN SYSTEM “VESSEL — 
REINFORCEMENT” 


Parameter “remaining strength margin” of rein- 
forcement elements under action of the working 
loading is basic, determining the degree of danger 
emergency of shaft operation. Minimal possible 
value of strength margin is 1.0, which corresponds 
to equality of actual tensions in the most loaded 
section of reinforcement to the limit of stretching 
strain of its material. Therefore all measures of safe 
exploitation providing are directed on its increasing 
to the nominal value 2.15, which corresponds to 
actual tensions less than endurance limit. With such 
strength margin there is no accumulation of tireless 
damages in the metal under impact of cyclic alterna- 
tive dynamic loadings from the vessels. Such level 
can be achieved in several ways. 

The most widespread method of strength margin 
increasing is decline of hoisting speed on fixed area 
of shaft for reduction of the dynamic loadings to the 
safe level with same type of guides and remaining 
carrying capacity of reinforcement. For hoists 
equipped by computer operating systems, realiza- 
tion of the smoothed diagrams of drum rotation 
speed with minimal jump is the effective method of 
loadings decrease (Iljin et al. 2014). 

The main characteristic of work of any mine 
hoisting plant is that control center of a mechanical 
motion of all its links is the drum (pulley) of a hoist- 
ing machine. During a descent and ascent cycle 
mechanical influences in the form of the rotating 
moment of the electric drive, the working or emer- 
gency brake moments with different intensity can be 
put to the drum. Thus horizontal interaction of lift- 
ing vessels with stationary metalwork of a mine 
shaft (guides and buntoms of reinforcement) takes 
place at a great distance from the drum. 

From the drive or a brake of mine hoisting plant it 
is possible to carry out the operating impact on lift- 
ing vessels only with the drum by means of head 
ropes flexible and pliable in the longitudinal and 
cross directions. Such scheme of power transmis- 
sion system of hoisting plant (especially for depths 
over 1000 m) is the main technical reason of com- 
plexity in ensuring synchronism between the 
movement of a drum and vessels (Samusya & 
Komissarov 2000). 


The researches of the braking modes of MWP, 
and also experience of their exploitation, showed 
that at the sudden application of working brake the 
decrease of hoist speed can come with decelera- 
tions. The value of such deceleration sometimes 
exceeds the accepted one by Rules of safety and 
Rules of technical exploitation. That is why recom- 
mendations on adjustment of requirements to the 
mode of working braking are strongly need to be 
developed. The analysis of the results in experi- 
mental research proves the necessity of the existent 
brake systems modernization for providing of ex- 
ploitation safety in hoisting plants in the modes of 
working and emergency braking. 

More difficult method is making of the local pro- 
filing and smoothing of guides on the areas with 
major lack of perpendicularity. Sometimes the de- 
crease of guides’ lack of perpendicularity on contig- 
uous tiers to the minimal value on technical terms 
(4—5 mm) does not provide no-impact interwork- 
ing of skips with reinforcement because of the cur- 
vature of main line of shaft. Then to improve the 
dynamic situation it is possible to use roller direc- 
tors with increased dissipative properties of shock 
dampers (Iljina 2010). 

As a result of transition of the “vessel — 
reinforcement” systems on higher operational safe- 
ty level on working modes it becomes possible to 
increase the maximum hoisting speed. Despite of 
some contact loadings escalation with growth of 
vertical speed, the balanced application of complex 
measures at the systematic apparatus control allows 
to retain the actual strength margins of steel struc- 
tures at the level, providing the absence of unre- 
spectable destructions and emergency situations. 

In that case, when avoiding a failure in a shaft 
was not succeeded, using of independent safe mo- 
bile hoisting settings is the only way out. It allows 
solve the problem of wrecking of the miners from 
underground horizons, as well as cages at their 
hanging up in the barrels of mines. Because of the 
various conditions in shaft inset the application of 
such mobile settings in every case also requires the 
special analysis for determination of safe parameters 
for the operating systems of working stroke and 
emergency braking mode (Bondarenko et al. 2004). 

The developed methods of diagnostics and re- 
newal of the operational safety level of «vessel — 
reinforcement» systems have been successfully used 
in many mines in Ukraine. Technical solutions, 
described in the article, allow to increase the hoist- 
ing safe exploitation level for shafts with broken 
geometry in difficult technical and mountain- 
geological terms, to prevent great failure in operat- 
ing mines or minimize damages after. 
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4 CONCLUSIONS 


The exploitation experience and analysis of reasons 
of serious failures on operating hoists show that in a 
number of cases using of mechanical brake, being 
the executive branch of their safety system, results 
to transition of the MWP to emergency operation, 
which is impermissible for the safe exploitation. 
The necessity of continuing of modernization works 
of the mine hoists brake system is also determined 
by multiple requirements to the braking modes and 
complication of methods of their realization for 
different terms of modern MWP work. 

The researches revealed that a perspective way to 
the decline of contact dynamic loadings on guides in 
the shafts with broken geometry lies in two directions: 
control of the guide profile and control of the elastic- 
dissipative parameters of the roller directors. The load- 
ings decline due to the decline of vessel speed on the 
curve area is the last preventive technological meas- 
ure. It can be used only in that case, when the previous 
solutions exhausted the possibilities because of tech- 
nical term, or in the case, when it 1s necessary to avoid 
the emergency-dangerous of “vessel — reinforcement” 
system to provide next technical measures. Because 
such speed decline lowers the hoisting productivity of 
mine and causes serious material losses. 
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ABSTRACT: In this article the main tendencies of green economy development in the world are considered 
and the Concept of switching to this economy by our state. It is shown that green economy contributes to 
country’s steady development. Preliminary results of work by Kazakh National Technical University on 
resource economy and development of new technologies of technogenic waste recycling with salable pro- 
duction are summarized. Waste disposal at mining enterprises allows decreasing the technogenic load to 
environment and ensure the efficient use of secondary raw materials. 


1 INTRODUCTION 


30.05.2013 Nursultan Nazarbayev, President of the 
country, has signed the Decree on approval of Con- 
cept on our state’s transfer to “green economy. This 
Concept raises issues of efficient use of natural re- 
sources and of improvement of welfare of Kazakh- 
stani citizens through economy diversification, crea- 
tion of new jobs and improvement of life standards 
for our citizens. In the President’s message to people 
of Kazakhstan dated by 17.01.2014 it is said that the 
transfer to green economy will be implemented ac- 
cording to the adopted Concept. 

Therefore, in the Concept it is suggested to firstly 
utilize and store industrial waste in full volume. By 
2050, a so-called non-waste economy shall be 
formed in Kazakhstan. 

For development and implementation of effec- 
tive environment-oriented measures on processing 
of waste credible information on influence on nat- 
ural systems must be obtained: on surface, under- 
ground waters, atmosphere and disturbance of soils 
in industrial scale at growing production volumes. 
Generalized materials will allow obtaining the 
unbiased information on state of ecosystems in the 
studied region and plan priority environment- 
oriented measures the implementation of which 
will contribute to decrease of harmful influence on 
the environment. 

According to national cadastre, on the territory of 
republic, in culm banks, tailing dumps and storage 
facilities of mining enterprises there is about 
30 million ton of industrial waste including: 72% — 
debris of uncovering and not good ore, 20% — final 
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tailings of concentration, 8% — other waste. With 
annual output of industrial waste in | million ton 
useful is not more than 100 million ton. The remain- 
ing part is gradually polluting the environment and is 
accumulated in it (Bekbassarov 2008). 


2 MAIN PART 


The main reason of professing waste accumulation in 
the country is a raw-material orientation of our econ- 
omy. Currently, at 450 ranges in the country there is 
more than 22 million ton of solid waste (Figure 1). 

Solid waste is characterized by variety of compo- 
sition and properties and by wide range of applica- 
tion; therefore, it would be rational to create data- 
base on available and newly produced waste which 
will allow identifying the cost of secondary raw 
material, storage and secondary recycling require- 
ments for optimal solving of issues of rational natu- 
ral resources management. 

A common problem for the whole waste man- 
agement industry is the absence of system of regular 
collection and analysis of information. For today, 
we can only make an approximate assessment of 
mining volumes and accumulation of waste in the 
country. It is supposed that inventory of industrial 
and household waste performed for each industry 
sector and each region, may provide even more 
depressing figures. 

It would be rational to divide the production 
waste as environment pollution source into two 
groups (modern and historical) and analyze situa- 
tions relating to their management separately. 


/0 





38% 
54% 


mining industry 
processing industry 
fuel and energy resources extraction 


production and distribution of 
power energy, gas and water 


constructional waste (products of destruction, 
demolition, restoration and repair, construc- 
tion of buildings, roads and utilities lines) 


gums solid household waste 


Figure 1. Main figures on solid waste accumulated in the 
Republic by 2010. 


Historical accumulations include production waste 
from oil and gas, mining enterprises, hear engineering, 
chemical industry, and waste formed at abandoned oil 
and gas well sites, mines and pits, tailing dumps and 
waste water dumps, military ranges from Soviet times 
(Nurpeissova & Bekbassarov 2006) 

Many mineral deposits are abandoned or deco- 
mmissioned with no compliance to environmental 
requirements and represent a threat to environment. 
Recultivation at closing enterprises is of rare matter. 

According to data of State Control and Supervision 
over natural resources, the share of used waste in the 
republic is 18 — 20%. For example, in 2007 the per- 
centage of waste utilization has made 16%, in 2008 — 
18.98%, in 2009 — 20% (Figure 2). However, this 
figure in the recent past of former Soviet industry was 
making 29%. It remains really low also when com- 
pared to global practice. In Western Europe (France, 
Germany, Italy, England) this indicator makes up to 
58%, in North America (USA, Canada) — up to 63%, 
in Japan — up to 87%, in China — up to 37%. 

The largest accumulations of old industrial waste 
are in Karaganda and Pavlodar Regions, East Ka- 
zakhstan, Kostanai Region, Aktyubinsk Region 
where more than 11 million ton is accumulated at 
ranges and storage facilities. Thus, in Karaganda 
Region there is more than 4.5 million ton, in Pavlodar 
Region — about | million ton, in East Kazakhstan — 
more than 1.5 million, in Kostanai Region — 
1.5 million and about | million in Aktyubinsk Region 
(Nurpeissova & Bekbassarov 2006). 
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Figure 2. Dynamics of formation and use of production waste in the Republic of Kazakhstan. 
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The accumulated waste brings significant econom- 
ic and ecological harm to environment and people 
numbered in dozens and hundreds of millions of 
dollars per year. Second place after mining industry 
is taken by volumes of metallurgical and power sec- 
tors. Accumulated waste is, on one hand, main pollu- 
tion factor of the environment, and one the other 
hand, is a valuable product potentially fitting for 
recycling and secondary use with salable product as 
an output with high added value. 

Complex use of raw and industrial waste of met- 
allurgical, mining and construction enterprises is an 
important problem of not only Kazakhstan, but any 
economically developed state. As practice has prov- 
en, waste from particularly these industry sectors is 
produced in small amounts and represent a serious 
economic hazard. In these conditions the problem of 
environmentally rational use of production waste as 
secondary raw and development of scientific princi- 
ples in creation of new technological regulations of 
production of salable product from industrial house- 
hold waste becomes extremely pertinent. Thus, the 
implementation of environmentally clean technolo- 
gy on production of construction materials on the 
basis of waste of mining enterprise is very urgent 
for Kazakhstan. 

For development and implementation of efficient 
environment-oriented measures on processing of 
waste credible information on influence on natural 
systems must be obtained: on surface, underground 
waters, atmosphere and disturbance of soils in indus- 
trial scale at growing production volumes. General- 
ized materials will allow obtaining the unbiased in- 
formation on state of ecosystems in the studied region 
and plan priority environment-oriented measures the 
implementation of which will contribute to decrease 
of harmful influence on the environment. 

Particularly from this point of view the objective 
was set, the idea was substantiated and targets of 
our research work were established. 


3 CONCLUSIONS 


On the basis of research done the following perspec- 
tive schemes and technologies for industrial use of 
waste in construction materials (CM) production are 
suggested: 

1. Production of small piece CM on the basis of 
granulated phosphorous slag (walkway slab, wall 
blocks, bricks, etc.). Distinctive feature of new sug- 
gested in the Project waste utilization technology 
from the previous one is that for the first time it will 
use new additives types significantly increasing the 
physical and mechanical binding properties 
(Yestemessov & Bekbassarov 2009). 
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2. Production of dry mortars with use of glass cul- 
let and polymer additives in the form of bond plaster; 
dry mixed glue; dry heat insulating mixtures. Dry 
mixtures represent a mixture consisting of binding 
(cement, gypsum, lime) filler and various chemical 
complex additives (Patent No 19861). 

In the republic, production of dry mortars in 2008 
reached 500 thousand ton with the capacity of Ka- 
zakhstani market of 2 million. Taking into account 
the dynamics of construction market and the forecast- 
ed growth of the economy of Kazakhstan up to 2030, 
the demanded volume of annual use of dry mortars 
may reach 5—7 million. This will be one of the most 
rapidly developing directions in the construction 
materials industry. 

Industrial production of dry mortars allows rapidly 
increase the use of technogenic waste. Most countries 
use from 35 to 70% of industrial waste, in Kazakh- 
stan it is only a little bit more than 5%. 

Expected results of the suggested “Development of 
environmentally clean technology of preparation of 
effective construction materials with use of mining 
and metallurgical companies waste” Project are the 
following: 

1. Disposal by unique technology of extremely 
dangerous gas-emitting granulated phosphorous 
slag storage facility by producing small piece con- 
struction materials significantly beats in strength 
and durability known analogues on the basis of 
artificial cement which contributes to rational use 
of country’s mineral resources, solving of environ- 
mental problems and introduction of innovative 
policy into the construction sector. 

2. Uniqueness of small piece technology on the 
bass of granulated phosphorous slag is that the ex- 
pected increased strength and durability of concretes 
on the basis of neutralized granulated phosphorous 
slag binder is conditioned by absence of free lime in 
them, hydroaluminates and high-basic calcium hy- 
drosilicates, and — formation of exclusively low- 
basic calcium hydrosilicates of submicrocrystalline- 
and fiber structure with increased strength, density 
and durability. 

3. Simplicity of technology, mobility of techno- 
logical line, neutralization of hazardous gases of 
granulated phosphorous slag in the closed cycle 
opens big perspective for decrease of environmental 
pressure from the storage facility of phosphorous 
slag to environment of Zhambyl and South Kazakh- 
stan regions and obtaining effective small piece 
materials with the designed durability, frost- 
resistance and durability with economic effect of 
10 million USD per year if the production capacity 
of technological line makes 100 thousand m° of 
concrete mix per year. 


Scientific results are executed in the form of sci- 
entific publications, applications for inventions. 
Scientific research are provided with methodical 
and normative documentation. 

In the suggested project, a brand new, not pol- 
luting the environment technology of dump recy- 
cling and production of small piece construction 
materials will be developed for the first time 
which will allow decreasing the technogenic load 
to environment and ensure rational use of sec- 
ondary raw. 

We think that “Green economy” starts from each 
of us. It does not need catchwords and slogans, as- 
surances preferring concrete and efficient actions 
coming from us, people based on internal beliefs. 
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ABSTRACT: The results of research the dynamic characteristics of the main and cross-technological control 
channels two-compartment separator ball mill dry grinding of raw materials. Analysis of these characteristics 
prescribes new structure develops highly effective automatic control system. It should provide independent 
regulation of load levels cameras mill (dual circuit system), to compensate for adverse interference of these 
circuits at each other by Inland technological cross-connection channels (invariant system of interconnected 
control circuits with independent properties), have varying parameters setting dual-core system with regula- 
tors and pounce load shedding (system with variable settings main regulators). 


1 INTRODUCTION common drum mill. Camera of coarse grinding 3 
has a length of 2.8 m and the camera of fine grind- 
Crushing and grinding are subjected to hundreds of ing 4—2.2 m (Figure 1). 
millions of tons of ore and non-metallic miner- 
als. For such large volumes of production even a 
small percentage increase of the efficiency will have 
a significant economic effect. Dry milling of raw 
materials is carried out mainly in two-compartment 
ball mill of dry grinding with a combined separation 
of the products of grinding from both chambers 
which are widely used, as basic milling-aggregates 
in the mining, chemical and cement industries, in 
the preparation of coal dust CHP and others. 

It was found that in order to have efficient ball 
mills, it is necessary to maintain an optimal internal 
load (for grinding to go well), which is achieved by 
using systems of automatic control. Analysis of the 
results of the review of technical literature and patent 
research process automation systems for grinding 
showed no known developments for the applicability 
of the object due to the presence in it of a number of 
specific features of both technological and construc- 
tive novelties. Synthesis of new effective systems of 
automatic control is impossible without knowledge 
of dynamic control. The results of the investigations 
in this direction are given below. 


2 MAIN PART 





Two-chamber dry grinding ball mill (“Polysius-22” 


type) has a diameter of 2.2 m, comprising of two Figure 1. Flow sheet of ore grinding mills in the two- 
working chambers and a discharge chamber located chamber dry grinding with a combined separation. 
between them. All three chambers disposed in a 
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The discharge chamber is separated from the op- 
erating ones with unloading bars and has a length of 
0.5 m. These mills are produced by the manufactur- 
er, with the productivity of 10 t/h. Currently, they 
were reconstructed to increase their productivity. 
The camera of pre-drying mill was liquidated. Dry- 
ing of ore is produced in special dryers. Ore, after 
three stages of crushing and drying is fed into a 
hopper of grinding units /, located directly in the 
grinding section. After, ore feeder poppet 2 is fed 
into the chamber of coarse grinding. The ground ore 
from both cameras through the discharge chamber 
of the mill falls on a tray in elevator section. Bucket 
elevator transports the milled product to two conical 
air separators, where it’s classified according to the 
particle size with separation of ready product and 
the intermediate product — “grit”. 

In point A (Figure 1) milled product is distributed 
evenly for uniform loading and efficient operation 
of air separators. 

The final product after separation 7 is transported 
on a conveyor /2 and then goes to a final product 
silo. “Grit” — intermediate product after the second 
separator — S goes to the second chamber, and the 
“grit” after the first separator 6 1s regulated between 
the two chambers in p. B. Grinding cycle repeats 
(Adambaev 2004a). The described technology of 
crushing of minerals in the two-chamber ball-mills 
is classified as grinding circuit with a partially 
closed cycle in both stages of grinding, determined 
by dividing the total redistribution-circulating load 
between the stages (Adambaev 2014). 

Considered bicameral ball mill grinding with a 
combined separation of product in conjunction with 
air separation set is applicable only for dry grinding 
and have a number of features that greatly compli- 
cate the development of management systems of 
this process (Adambaev 2010). 

Drum of the mill includes two cameras — the 
camera of coarse and fine grinding, which differ in 
the geometric sizes, ball-mill loads (including 
weight of the balls, and size), physical and mechan- 
ical characteristics of the ore fed into these cameras. 
Summation of output streams of the first and second 
chambers in a mill itself (in the discharge chamber) 
excludes direct control of cameral productivity by 
known methods. 

Return part of the stream “grit” in the camera of 
coarse grinding is an important sign in terms of the 
principle of building of the system with automatic 
control. In the case when the entire stream is sent to 
the camera of fine grinding, the only influence of 
the automatic load control of the chamber of course 
and fine grinding is reflected in control of the feed. 
Such technological-circuit of the camera of coarse 
grinding in the open cycle does not have back-flux 
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and has a dramatically reduced productivity of the 
grinding machine. It is well-known that the perfor- 
mance of the mills operating in a closed cycle is 
significantly higher than that of the mills operating 
in the open cycle (Adambaev 2004a). In addition, 
the presence of only one control lowers the quality 
of the regulatory process, because of the value of 
the transport delay between the control action and 
the controlled unit (original feed of the system — 
camera of course grinding — elevator — separator — 
load level of the camera of fine grinding), which 
significantly increases and can lead to unwanted 
buildup of the system. Under normal operating con- 
ditions, when there are two control actions (the 
change in the power source and change in redistri- 
bution of “grits” between the first and second 
chambers), there is a possibility of independent 
control of both chambers (Adambaev 2004a). 

For objects with the return of the unconditional 
class to the secondary processing, it is usual to 
change the coefficient of object transmission and the 
time constant of the transition of the processes that 
lead to a reduction in speed and reduction in re- 
sistance (Adambaev 2010). The duration of the 
transition process of such objects is long. Thus, for 
test mills it reaches up to 3600 seconds. Changing 
the properties of the original product is a little long- 
er than these time intervals (Adambaev 2004a). This 
leads to the fact that a change in grit characteristics 
takes a significant part of the time of the ore milling 
process in transient conditions, followed by quanti- 
tative fluctuations in the quality and quantity of 
final product. One of the tasks of automatic control 
system is elimination of these oscillations. 

In developing high-quality systems of control of 
the operation of the investigated grinding technolo- 
gy, we should consider the presence of internal 
cross-links between technological cameras, which 
give rise to mutually influence on both input and 
output, coordinates of automatable mill. The solution 
of this question may be the development of invariant 
system (quasi) to cross-substitute coordinates of the 
system in the process of controlling. It is necessary 
to develop a system of autonomous control of this 
process, with the main unit — two-chamber ball mill 
with a combined separation-of the product. 

Using the intensity of the noise spectrum generat- 
ed by each camera for collateral control of these 
cameras (for example, output signals of microphone 
sensors, mounted in each camera), in the majority of 
cases is not true. This fact is explained by the fact 
that the signal, removable microphone, is the sum of 
the main signal (useful component) and signal inter- 
ference. Solution of the problem is the development 
of automatic control system, which allows to com- 
pensate the interference (Adambaev 2012). 


The grinding unit consists of the following tech- 
nological devices, separated by their functions. 

Plate feeder mounted at the top of the grinding 
process for feeding of raw material to the mill. Its 
input starts with the change of the drive speed n, and 
the output — quantity of power source Q,. 

Ball mill consists of two operating cameras. 
Coarse camera has two input signals Q, and K,S, 
which regulates the exposure to this chamber, and 
KS} that initiates the exposure. This camera has one 
option — to fill intracameral space Mj, controlled by 
the intermediate sound-signal Z,M, regulated by the 
value Sı and O, (S1 — ield to the newly formed cir- 
culating load, a Q, — output ofthe newly formed 
final product). Consequently, the course camera has 
three output coordinates — Z;, S;, Q,,. Note that the 
values S; and Q,, cannot be controlled, so value: 
Sy = AQ); Q, = Qn); Si = AM), Q, = AMn) are 
accepted in accordance with the results of statistical 
studies obtained previously (Adambaev 2010). 

Input signal of the fine grind camera is determined 
on the other part of the circulating load (1 — K1)S = K325. 
This camera also has three outputs Zn, S2, Q,2 similar to 
output signals of course grind camera. 

Bucket elevator is designed to transport the 
crushed ore to the separator. Input and output are 
equal between them and shifted in time to value of 
net transport delay. 

Air separator classifies crushed ore into two 
products: final product and circulatory load. This 
element has one input M and two outputs S, Q,. 

Unit of distribution of circulating loads S, which 
is the input to two streams KS and K>S. 

Pipelines designed to transport circulating load to 
the operating cameras, which are links of net 
transport delay. 

Plate feeder is approximated by accelerating dy- 
namic element without inertia (Figure 2, a) with 
transfer function W(p)=K,,=1. A slight delay be- 
tween the feeder and the mill is related to the delay 
of the camera of coarse grind. 

Bucket elevator is a link for net transport delay 


with the transfer function W,(p)=e ’ (Fig- 


ure 2, b). From this point, due to the large values of 
the time constants 7, and delays z, values are giv- 


en in their minutes. Separator approximated with 
uninertial link on both channels (Figure 2, c). 
W.(p)=K, —transfer function of the channel in- 
put-output circulating load. 
W:(p)=K, —transfer function for an input- 


output channel of the final product, and K, =1-K,. 


A slight delay in the separator attributed to the de- 
lay of bucket elevators. 
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(b) 





Figure 2. Block diagram of the functional elements of the 
grinding unit. 


Unit of distribution of sand load between the 
chambers has one input and two outputs, and a sepa- 
rating element with transfer functions (Figure 2, d): 


W!(p)=K transfer function of the gate on the 


channel input-output chamber of coarse grinding. 
W.' (p)=K-" —transfer function of the gate on the 
channel input-output in the fine grinding chamber, 
and K” =1-K}. 

Complete block diagram of a two-chamber walk- 
ing mill is shown in Figure 2, where: W,;(p) — 
transfer function of the camera of coarse grinding in 
the main channel input-output of the newly formed 
final product; W,\(p) —the same channel output 


circulating load; W,(p),W3,(p) —the same as for 
fine grinding chamber. 

W,,(p) —transfer function of the first cross- 
communication channel (the influence of large- 
camera mode of operation of grinding of chamber of 
fine grinding). 

Wy (p)=W.(p)-We(p)- We (p)=K, Kee? . 


Wi (p) 


communication channel (the influence of the camera 
mode of fine grinding of camera of coarse grinding): 


Wolp)=W,(p) WE (p) W; (p)=K, K; -e®”™ . Walp), 


Wi (p) 
through channels of input — output sound-intermediate 
signals. 


— transfer function of the second crossing- 


— transfer functions of the mill chambers 





Figure 3. Block diagram of two-stage process of dry grind- 
ing with technological cross-links. 


On the other hand, studies of many authors (Ko- 
sharsky et al. 1977) have established that the ball 
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mill is adequately described by the transfer function 
Ku 


_ MM , i.e. approxi- 
1+7 ‘Pp 


of the form w, ( p)= eo Pt 
mated inertial units of the first-order with series of 
links of net transport delay. In this approach, a com- 
plete block diagram of this technology takes the 
form shown in Figure 3. 

The parameters of the transfer functions of elements 
of the system are defined by transition characteristics 
with step-disturbance on their input. Disturbance 
(step) applied using two factor changes in the amount 
of the original supply and redistribution of circulating 
load between the chambers some dynamic characteris- 
tics obtained on the object are shown in Figure 4. 





Figure 4. Mill acceleration capabilities. 


3. CONCLUSIONS 


Preliminary analysis of the experimental curves of 
acceleration at step disturbance leads to the follow- 
ing conclusions on the dynamics of a two- 
compartment ball mill of dry grinding: 

1. Forms of transmission cameras of mills con- 
firm the legitimacy of approximation of their dy- 
namics with consistent inclusion of inertial links and 
link of net transport delay with sufficient for practi- 
cal goals accuracy. 

2. The time constants 7; for different polar disturb- 
ances of the same amplitude take different values. 


During load disturbance (positive) 7; takes bigger 
values than those at unload of disturbance (negative). 

3. The studied mill with its main regulated values 
and regulatory exposures is an object with interde- 
pendent values. Disturbances of the initial feed de- 
fine mainly the load level of the first camera, but at 
the same time via the channel the output of the first 
chamber — elevator-separator-input of the second 
chamber is the disturbance that affects the level of 
load of the chamber of fine grinding. Similarly dis- 
turbance with redistribution of circulating load be- 
tween cameras affect the utilization rates of both 
cameras (Figure 4). 

4. During disturbances applied to the newly 
formed circulating load object returns to the camera 
inputs through process feedback channels and plays 
the role of additional disturbance, which significant- 
ly changes the shape of the transition process. Dur- 
ing positive disturbances accumulation of circulat- 
ing load increases the time constants and vice versa 
for negative disturbances, there is a sharp decrease 
in the circulating load, and reduction in the time 
constants of the object. 
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ABSTRACT: Currently, intensive research on comprehensive development of basalt deposits in Volhynia 
with the use of non-waste technology is being conducted. This is due to the rich mineral composition of bas- 
alt raw material, which besides basalt contains a significant portion of zeolite-selective tuff and lava cluster 
breccia. All the three components of the fields contain a high percentage of iron, titanium and native copper. 
These components are of industrial interest, but their extraction requires special technology of pretreatment. 
In the Institute of Geotechnical Mechanics named after N.S. Polyakov of the NAS of Ukraine and the Na- 
tional University of Water Management and Natural Resources Use the research on the development of 
comprehensive technology for the processing of basalt raw material is being conducted. In addition, the de- 
pendence of technological parameters of each unit of the necessary equipment on the key forces of their 


impact has been investigated. 


1 INTRODUCTION 


The purpose of these studies is to determine the 
dependence of efficiency of basalt rock mass fine 
vibrating screening on the main dominant adjustable 
parameters. 

Considering that the processes of fine classifica- 
tion vibration method are not fully studied, and 
existing vibroscreens demand adaptability of their 
characteristics to the requirements of technology for 
performing these purposes, the research has been 
conducted on fine classification screening with dy- 
namically active working surface specially designed 
by IGTM NAS of Ukraine. Its peculiarity consists in 
the fact that the screening in the separation process 
is carried out in vibro-impact mode due to the im- 
pulses (strokes) of the supporting dynamically ac- 
tive rubber resonant band-string sieve at the top 
classifier of rigid metal or nylon mesh. 


2 THE PROCESS OF VIBRO SCREENING 


Due to the fact that physical-mechanical characteris- 
tics of the rock mass make a significant impact in the 
classification performance and the terms previously 
established according to a specific classification re- 
quire clarification and correction, the present research 
has experimentally determined the efficiency of bas- 
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alt raw material fine screening in their dependence on 
a number of variable parameters, in particular: y— 
density of the rock mass (y; = 2,6 —basalt, y) = 2.2 — 
lavabreccia, y3 = 1.4 — tuff), 6— angle of the perturb- 
ing force inclination, a— angle of inclination of the 
vibroscreen working mechanism, 4 — screen opening 
size, g—screen unit loading, œ — perturbation fre- 
quency of screen drive and its length L. Variation of 
these parameters has a significant impact on the effi- 
ciency of screening. To analyze the effect of these 
factors on the system it is necessary to work out mul- 
tivariate regression dependence. (Malanchuk & 
Malanchuk 2014a, Malanchuk & Malanchuk 2014b, 
Malanchuk & Korniyenko 2014). 

The calculation of the linear regression depend- 
encies has been carried out by the method of the 
least squares. This nonlinear dependence on the 
factor attributes were given to the change of varia- 
bles by linear method. In the studied case, it is the 
dependence of the efficiency on the size of the sieve 
opening E= fA), and for the others listed above, 
parabolic dependence appeared to be more ade- 
quate. On the basis of the correlation coefficients R 
for each pair of attributes the correlation matrix has 
been designed, and the multiple coefficient of de- 
termination has been calculated, showing what por- 
tion of variation of the resultant attribute is ex- 
plained by the factor attributes variation of the mod- 
el. In its turn, the adequacy of the model has been 


evaluated using Fisher statistics F, which was com- 
pared with its critical value F;, according to the 
adequacy level of a = 0.05 or a = 0.01. 

This work has established the dependence of the 
efficiency of fine screening on the most influential 
factor characteristics in the form of: 


E = f(b,&,0,q,4,L,y). (1) 


Stage by stage, there has been studied the model 
of effectiveness dependence of screening on indi- 
vidual factors at fixed sieve opening size 4 and 
variations of the type of rock characterized by the 
density y. Then, there has been obtained a general- 
ized model with density factor y taking into account 
the influence of the angle of the perturbing force 
inclination. The calculation was performed with 
A=2mm, 3 mm, 5 mm, the results of the calcula- 
tions are given in Table 1. 


Table 1. Calculation results of the regression parameters. 


A do a} a2 a3 d4 R? F 

2 -25.12 -11.67 5.9 3.94 -0.038 0.979 153.2 
3 -47.08 29.58 -4.17 3.35 -0.032 0.979 154.4 
5 -35.82 3.33 2.43 4.07 -0.039 0.099 341.6 


3 RESULTS OF CALCULATIONS 


The regression model has been specified as: 


E(y,B)=a) + a7¥+ayta,B+a,B. (2) 


The generalized model with the inclusion of the 
sieve opening size 4 in the number of variable fac- 
tors, other factors (a, œ, q, L) have been recorded: 


E(A y,B)=a, +a Atayta,p+a,p . (3) 
The results of calculations of the parameters of 

this regression are given in Table 2. 

Table 2. Calculation results of the regression parameters. 


do dı Qa? d3 d4 d5 R? F 
-45.45 2.83 7.07 1.39 3.78 -0.036 0.972 331.3 


For each of the sieve opening size A the regression 
model was specified as variable parameters y and a: 


Ely, B)=a) +a A+a,y+a,at a, (4) 


The results of calculations of the parameters of 
this regression are given in Table 3. 

The generalized model with the inclusion of the 
inclination angle of screening and the number of 
variable factors has been determined as: 


E(A, y, at) = ay +a At+ayt+a,y’ +a, +s. (5) 
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Table 3. Calculation results of the regression parameters. 


A do dı a? a3 a4 R? F 

2 61.93 -8.0 5.21 -0.337 -0.036 0.991 271.7 
3 68.12 -6.5 4.58 -0.6 -0.031 0.986 176.7 
5 36.79 34.5 -5.83 0.439 -0.081 0.963 64.9 


The factors not included in the model, are fixed at 
a constant level. The calculation results are shown 
in Table 4. 


Table 4. Calculation results of the regression parameters. 


ao a] a2 d3 d4 d5 R? F 
39.4 4.71 6.67 1.32 -0.166 -0.49 0.973 282.5 


The dependence of the screening efficiency on the 
perturbation frequency of the vibrator œw, the specif- 
ic load on the screen q and the length of the sieve on 
the screen, similarly to the previous case, has been 
determined in stages. 

The model with the influence factor œ has the fol- 
lowing form: 


E(y,@)=a+aytay t+a,0+a,@° . (6) 
The calculation results are shown in Table 5. 


Table 5. Calculation results of the regression parameters. 


A do di ap d3 d4 R? F 
2 -50.88 10.42 0.0 0.156 -0.000058 0.866 93.2 
3 -62.65 38.33 -6.42 0.146 -0.000057 0.949 60.2 
5 -43.07 15.83 -0.694 0.159 -0.000065 0.934 46.1 


Generalized model in this case is obtained in the 
form: 


A? = —62,84 + 3,194 + 21,53y — 

-2,37y° + 0,1540 — 0,000060 . (7) 
The model including the specific load on the 

screen q has the form: 

E(y,q4)=a +y +a,y" +azq +a, . (8) 
The results of the calculation of the coefficients in 

the model are given in Table 6. 

Table 6. Calculation results of the regression parameters. 


A ao dı a> a3 ay R F 
2 66.09 2.86 2.53 -6.06 0.302 0.986 279.4 
3 86.25 -15.0 6.84 -3.34 -0.079 0.985 269.4 
5 71.64 7.5 1.19 -3.46 0.012 0.977 170.9 


In its final form the generalized regression model 
has taken the form: 


A =5982+4,45A-L55y+ 
+3,52y* —4,29q +0,078q" . (9) 


The model including the length of the sieve L is 
given in the form: 
E =a +ax+a y" +a,L+a,L. 


(10) 


The calculation results are shown in Table 7. 


Table 7. Calculation results of the regression parameters. 


A do dı a? d3 d4 R? F 
2 0.896 -3.214 2.98 24.59 -2.13 0.991 458.0 
3 13.92 -11.43 5.36 24.49 -2.17 0.983 235.0 
5 3.54 50 1.34 23.49 -1.97 0.993 541.0 


The calculations found that the generalized model 
has the form: 


E = -5,23 + 3,144- 3,21y + 


+3,22y? +2419L —2,09L? . (11) 


Presented models allow us to solve individual 
problems of the screen parameters choice and de- 
termination of efficiency. The ultimate goal of our 
research was the modeling of the dependence of the 
efficiency of screening on the complex of factor 
attributes in the form of: 


E= f(4,y,8,a,0,q,L). (12) 


Estimates of the model coefficients have been 
carried out according to methods described above, 
in this case for factor A there was adopted linear 
dependence (based on experimental data), and for 
other factors — parabolic. The total sample size was 
n = 279, the number of overlay links m = 14 and the 
number of freedom degrees v = n — m = 265. 

Resulting from calculation there has been ob- 
tained the generalized model of screening efficiency 
dependence of vibrating screen based on the key 
factor attributes: 


A® =-162,42+3,7A+5,54y+154y? +1678 — 
—0,0128* +2,12a-0,153a° +0,1620 — 
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—0,000650" + 4,189 —0,863g +17,28L —1,25L’ . (13) 


With the coefficient of determination R? = 0.88, 
and Fisher's statistics F= 150.3 , the adequacy of 
the resulting model has been proved. 


4 CONCLUSIONS 


The results of the research allow to analyze the pro- 
cess of fine vibratory screening of basalt raw materi- 
al when in separate complex processing, to predict 
rational or optimal settings of screen for the required 
efficiency of screening. This stage of ore pretreat- 
ment is important because fine size classes contain a 
significant amount of native copper, titanomagnetite 
and their clusters. Therefore, the efficient separation 
of fine fractions allows the use of extensive scheme 
of extraction of useful components. (Franchuk et al. 
2011), (Malanchuk & Malanchuk 2014). 
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ABSTRACT: Current situation in land law is analyzed on partial lease of land with real property. Proposals 
to improve the procedures and legal acts of Ukraine on this issue are offered in order to significantly acceler- 


ate the conclusion and registration of new leases. 


1 INTRODUCTION 


According to the Lands Codes of Ukraine (1990, 
2001), Civil Code of Ukraine (2003) and the Law of 
Ukraine “On Land Lease” (1998) a large number of 
businesses and individuals received land parcels for 
rent for the construction of different objects as well 
as for operation of existing property. With time, 
circumstances change and land parcel tenants — own- 
ers of real estate, sell part of their property. Some- 
time the whole area of rented land parcel cannot be 
rationally used or no new building can be construct- 
ed to expand the activities. In this case, the tenants 
want to get rid of the part of leased land parcel. 

New property owners want to formalize docu- 
ments on rent of the relevant part of the main land 
parcel. At first glance, all this can be easily solved. 
But procedural steps are rather complicated and it 
does not take less than during the first time privati- 
zation of the land parcel. 

Article 50 of the Law of Ukraine “On Land Man- 
agement” (2003) states that “land management pro- 
jects on land allocation are developed in the case of 
change of use of land or the development of new 
land parcels”. That is, if the boundaries of land par- 
cel have changed, it is necessary to draft land man- 
agement. In this case, the new land parcels will be 
within the main land and their total area is equal to 
the area of the main of land parcel. 

Quite often the main land parcel tenant does not 
want to renew the lease because surveying and land 
management work should be paid, which results in 
violation of the regulations of part 4 — 6 articles 120 
of the Land Code of Ukraine (2001) by the owner of 
some part of a building as they cannot arrange to 
rent the appropriate part of the land: “In case of 
acquisition of ownership of a residential building or 
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structure by more persons, the right to land is de- 
termined in proportion to the share of persons in 
ownership of an apartment house, building or struc- 
ture. In the case of acquisition of ownership of a 
residential building or structure by any persons who 
are unable to own land parcels, they transfer the 
right to use the land on which the residential build- 
ing or structure are situated on a rental basis. The 
contract that provides for the acquisition of owner- 
ship of a residential building or structure involving 
the transfer of a part of land may be signed after 
detachment of this part as a separate plot of land and 
giving it a separate cadastral number”. 

Part 2 of Article 377 of the Civil Code of Ukraine 
(2003), the “Size and cadastre number of land par- 
cel, title transfer due to the transfer of ownership of 
a house, building or structure are essential terms of 
the contract that provides for the acquisition of 
rights ownership of these items (except for apart- 
ment buildings)”. This article is also violated if the 
seller hesitates or does not want to document a part 
of the land, especially when they have the state act 
for perpetual use of land. 

Thus a buyer can not register only part of the land 
parcel in the state land cadastre and registry because 
there is lease contract or the act of the permanent 
use of the whole land parcel. And the person cannot 
have two different rights on one land parcel. The 
new owner of the building can apply to court, but it 
is also a complex and long procedure. 

Thus, improvements in the procedure for signing 
and registering of new lease contracts is important 
for businesses and individuals, as well as for land 
reform in Ukraine as a whole. Such propositions 
will improve the social conditions of our society. 


2 REVIEW OF RECENT RESEARCH 
AND PUBLICATIONS 


Division of land parcels is the subject of many legal 
acts of Ukraine (Lands Codes of Ukraine (1990, 
2001), Law of Ukraine “On Land Lease” (1998), Civil 
Code of Ukraine (2003), Law of Ukraine “On Land 
Management” (2003) etc.) and some scientific and 
academic papers by famous scientists of our country, 
but the detailed study of this issue is not found. 

In article 31 of the Law of Ukraine “On Land 
Lease” (1998) are defined the cases of termination 
of the lease, however there are no cases of transfer 
of ownership of the property. 


3. THE PURPOSE OF ARTICLE 


Development of proposals for improving the proce- 
dure for signing and registering new lease contracts 
in cases when the landholder does not sell whole 
real estate, but only part of it. 


4 THE MAIN MATERIAL 


First we introduce the following terminology. The 
main land parcel is a land parcel on which the real 
property of the main tenant (landholder) is situated. 
The main tenant is a seller of the property. The buyer 
of the property is the purchaser of the right to lease 
(future tenant) on the part of the main land parcel. 

In most cases, the seller at the time of the transac- 
tion or after its conclusion gives the buyer a nota- 
rized consent of withdrawal of the land parcel with 
specified area of land parcel. Everything seems to 
be fine, but at best the boundary during division of 
land parcel is firstly established visually. So after 
establishing a geodetic boundary there must be dis- 
crepancies in the area specified in the agreement 
and it is good if there is space to shift this boundary. 

A thoughtful reader can fairly argue here: “What 
is the division of land parcel? Land parcel is not in 
ownership but in use! If it were his property, then it 
would be a different matter, divide as you want”. 

There is no doubt that this is correct. Indeed, ac- 
cording to article 56 of the Law of Ukraine “On 
Land Management” (2003) there must be the con- 
sent of the owner of land on the division. Moreover, 
these land parcels have been registered as state or 
municipal property since the beginning of 2013. But 
in reality the land parcels have always been divided 
and it used to be called — determining the order of 
use of land. In addition, it may be that land parcel, 
depending on the location of buildings in general is 
indivisible, however neither the seller nor the buyer 
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knows about it. Therefore, the following steps are 
proposed: the seller must order the draft of land- 
management division of a land parcel from the land 
surveying company, so that the work can be contin- 
ued with the use of it. 

After drafting the division of land parcel the seller 
and the buyer can address the notary to develop the 
agreement and authorize the project. Project divi- 
sion of land parcel is certified by a notary, because 
it indicates the boundary of the division of main 
land parcel and areas of parts obtained as a result of 
its division. After finalizing the transaction at the 
notary, both the seller and the buyer order technical 
documents from the land surveying company on 
land management for the division of land for the 
seller and the technical documentation of land use to 
install (restore) the boundaries of land parcel for the 
buyer. However, it is necessary to obtain the consent 
of an appropriate council for the division of land 
parcel and the land management documentation. It is 
also necessary to set the terms on which lease con- 
tracts will be signed between the seller and buyer. 

To solve the issues, consider the following. In 
fact, part of the property from the seller is alienated 
without anyone’s permission (consent), but only by 
mutual agreement. In accordance with part 2 of 
article 377 of the Civil Code of Ukraine (2003) the 
right to use land transfers with the sale. Obtaining 
permission or consent to perform these operations 
on land management may take long (a few months 
or longer). And then there is a conflict between the 
seller and the buyer: “Who has to pay the rent?” The 
tenant does not want to pay rent for the entire (main) 
land parcel, a future tenant has no reason to pay the 
rent. Ironically, both the buyer and the seller are right. 

Thus arises the need to establish such a procedure 
that would meet regulatory legal acts of Ukraine 
and, at the same time, significantly reduce the peri- 
od during which the seller and the buyer are able to 
establish the right to lease the relevant parts of the 
main land parcel. 

Consider the experience of individual customers' 
considerations regarding authorization or consent 
for the division of land parcels. Which state legal 
acts of Ukraine and who can prohibit the rightful 
owner of property renting a land parcel from selling 
or donating part of it, rather than the whole? The 
answer is: “Nobody!”. And then the seller and the 
buyer raise unnecessary questions: “Why then is 
there a necessity of obtaining a permit if land parcel 
can be divided or partially divided?” No comments. 

In addition, there are strong arguments for not ob- 
taining this permit, namely the boundaries of land 
parcel are approved and adopted, and there is signed 
and valid lease contract on the main land parcel. 
Two new land parcels do not go beyond the outer 


boundaries of the main land parcel. Purpose of all 
buildings of main tenant is not changed. And the 
terms of new lease contracts of parts of the main 
land parcel shall not exceed the term of the lease 
remaining for the main land parcel. 

But there is a rule and it must be followed. There- 
fore, the main tenant and the purchaser of the right to 
lease must file a petition to the Chairman of the rele- 
vant Council to provide guidance to the appropriate 
services to perform the required operation for the 
conclusion of the lease. The council needs to know 
about the changes on the land parcel granted on lease, 
which have already occurred and are only planned. 

The main thing is the development of technical 
documents on land management for the division of 
land parcel for the seller and the technical documen- 
tation of land management to establish the bounda- 
ries of land parcel for the buyer. Developed tech- 
nical documentation of the project on land manage- 
ment division must be sent to departments of State 
Land Agency in cities to check and determine ca- 
dastral numbers. 

After obtaining the extracts from the State Land 
Cadastre, relevant documentation is forwarded to 
the City Council to draft a decision. The decision 
must state that the lease on the main land parcel is 
terminated by agreement of the parties and new land 
parcels become the property of the respective coun- 
cil, and they must be registered by this Council and 
tenants, and the new lease contracts must be signed. 

Consequently, it is necessary to make amend- 
ments to point “e” of Article 56 of the Law of 
Ukraine “On Land Management” (2003), namely, 
the expression in brackets as follows: “except for 
the cases of the division of land parcel concerning 
the acquisition of ownership of a residential house 
or part of it, and non-residential buildings for vari- 
ous purposes situated on it”. 

Now consider what documents are necessary for 
the lease. Under Article 15 of the Law of Ukraine 
“On Land Lease” (1998) “... an integral part of the 
land lease agreement is: 

— plan or scheme of land parcel that is leased; 

— cadastral plan of the land parcel with the map- 
ping restrictions (encumbrances) in its use and pre- 
scribed land servitudes; 

— act defining the boundaries of land parcel; 

— act of acceptance and transfer of leased facility; 

— project of land allotment if it is developed under 
the law”. 

If this list is compared to the list set out in article 
56 of the Law of Ukraine “On Land Management” 
(2003), we can see that even in case of presence of 
all documents, the lease cannot be concluded, as no 
act of defining the boundaries of land parcel; and 
there should be a project of land management on 
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land allotment. In addition, the technical documen- 
tation of land management for the division of land 
parcel is prepared by order of the main tenant of 
land parcel. It is enough to get act of acceptance and 
transfer of boundaries marks. And for the purchaser 
of the right to lease it is necessary to have the act of 
acceptance and transfer of boundaries marks on 
storage for all boundaries of the newly formed land 
parcel, not just on the boundary of division. 

Let us find out what documentation should be on 
land management and what it must contain for the 
purchaser of the right to lease. Obviously, this doc- 
umentation on land management for the division of 
land parcel should be supplemented by the act of 
establishment (updating) of the boundaries of the 
land parcel. This act is signed only by the purchaser 
and lease rights tenant. There should be developed 
technical documentation on land management ac- 
cording to applicable laws and regulations of 
Ukraine, except for the coordination of boundaries 
of the land with the owners or users of adjacent land 
parcels, and as already noted, without obtaining 
permission. Once the main land parcel boundaries 
were agreed with the main tenant and they have not 
changed and the purpose of buildings has not 
changed as well. In addition the project of land par- 
cel division should be added to this technical docu- 
mentation of land management. 

Consider the possible cases (options) the division 
of the main land parcels: 

1. The best option is when buildings stand apart. 
There are two separate driveways and walkways to 
both owners’ buildings, no common parts of build- 
ings and structures. In this case, no comment, and 
the basic land parcel can be called “divisible”. 

2. In site conditions of placement of buildings on 
the land there are no passages, and they cannot be 
built. In this case, it is offered to divide the basic 
land parcel into three parts. Two separate land par- 
cels are allocated for the seller and buyer, while the 
third one is common — in their joint lease for pas- 
sage, walk and more. In this case, this basic land 
parcel might be called “partly divisible”. 

3. By mutual arrangement of buildings, structures, 
one cannot perform the division of land parcel. For 
example, the first floor belongs to the seller, and the 
second — to the buyer. In this case, the only possibil- 
ity is a joint lease. The rental payment for the land 
in common use is proportional to the parts (areas) of 
real property owned by the seller and the buyer. 
This basic land parcel title — “indivisible”. 

Now we will define the list of main documents in 
the division project of land parcel and their functions. 

1. A copy of the lease contract to the main land 
parcel will testify that the lease is valid (validity has 
not expired) and customer ordering the division is 


really a lessee (the person who has the right to use 
this land). This allows the performer to sign a con- 
tract to implement the project division of land parcel. 

2. Actual topographical plan scaled 1:500 with 
the boundaries of land parcel and signatures of the 
purchaser and the tenant of the right to lease. This 
plan is required for review, illustrative purposes and 
vision of relief throughout the land to be divided. 
This plan is a graphical application to the act of estab- 
lishment of the boundary of the main land parcel. 

3. The act of establishment of the boundary of 
main land parcel signed by the tenant and the pur- 
chaser of the right to lease with a graphical applica- 
tion. The signed act will attest that the latter agreed 
on the boundary of division of the main land parcel. 

4. Cadastral plans for each part of the land on 
which it is divided, with the lengths of sides be- 
tween the points of boundaries marks, the perimeter 
and area of the land parcels as well signed by the 
tenant and purchaser of lease rights. These plans 
will testify that these people know exactly the size 
of each project land parcel and their areas. 

There is another important aspect to be done in 
the project and the appropriate division of land 
management documentation, namely, to determine 
restrictions and encumbrances that have been estab- 
lished; determine the boundaries and areas of land 
parcel parts which are subject of restrictions; devel- 
opment of appropriate plans. These plans must also 
be signed by the tenant and the purchaser of the 
right to lease. 

Note that the project of division is necessary to 
timely determine the possibility of separation of the 
main land parcel; and the seller and the buyer will 
address the notary and write a petition to the local 
authority, which brings the clarity and precision of the 
possibility of separation and area of land parcel. In 
addition, the project will be the basis for the develop- 
ment of appropriate documentation of land division. 
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5 CONCLUSIONS AND SUGGESTIONS 


Summing up, the proposals developed for the divi- 
sion of land parcel for lease significantly reduce 
procedure and time spent on issuing new lease con- 
tracts on part of the land. Also, these proposals can 
be applied to the land parcels which, according to 
the previous Land Code of Ukraine (1990), were 
granted for permanent use to private and notutility 
legal entities having state acts on the right of per- 
manent use. But according to the Land Code of 
Ukraine (2001) newly created land parcels of the 
main land user and purchaser of land use rights may 
be granted only for rent for the maximum period. 
The prospect for further research is to detail the 
procedures and the list of documents required in 
cases when the main land parcel is indivisible and to 
improve procedures for combining the land parcels. 
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Substantiation of land management methods 


of industrial cities 
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ABSTRACT: The results of analysis and substantiation of management methods are given. Suggestions on 
the use of economic, planning, administrative, social and environmental land management methods in indus- 


trial cities are made. 


1 INTRODUCTION 


The achievement of rational and efficient use of land 
resources 1s essential for the development of any coun- 
try. Land resources, like other natural resources, declin- 
ing over time, lose their natural properties that often 
cannot be reproduced, changing the quality of the soil, 
thus become unattractive from an economic point of 
view. Unfortunately, the efficient and effective level of 
use of land resources in Ukraine is lower than in Eu- 
rope. The main reason is irresponsible attitude to the 
distribution of land and its use, imperfect technologies 
of rational land use, significant indicators of anthropo- 
genic pressure on land resources, outdated environ- 
mental regulations that establish values of maximum 
permissible exposure etc. 

Land Management is an important component of 
the economic management of the state, which with 
proper implementation will lead to the desired 
results. In our country land resources are a major 
national wealth (The Constitution of Ukraine 1996), 
so they require special methods of management. 
Formation of Land Management is one of the im- 
portant tasks of our time. As a result, it is necessary 
to identify, classify and approve the land manage- 
ment techniques for specific categories of land at 
the state level that are not yet regulated by any legal 
act of Ukraine. 

The agricultural orientation of Ukraine is general- 
ly accepted, but it should be noted that in our coun- 
try major industrial agglomerations are combined, 
which form the industrial zone. Donetsk-Mak1iivska, 
Gorlivka-Yenakiivska, Lugansk industrial agglom- 
erations are included in the Donetsk industrial area; 
Dnipropetrovsk-Dniprodzerzhinsk, Zaporizhzhya, 
Kryvyi Rig — in the Prydniprovsk industrial area; 
Lviv agglomeration — in the Prykarpatsky1 industrial 
area, Novovolynsk and Chervonograd — in the Pry- 
buzka industrial area. Outside the industrial areas 
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are Kyiv, Kharkiv, Odesa industrial agglomeration. 
All these elements of the territorial organization of 
industry are united by various relations forming the 
industrial complex of Ukraine. Above are the main 
areas of mining and heavy industry in Ukraine. It 
should also be noted that industrial sites in Ukraine 
are often located directly in the city. As industrial 
lands are inextricably related to the ecosystem and 
cannot be isolated from the use along with other 
categories of land, there is a need for a specific 
mechanism of their use and protection, as well as 
management methods. 


2 ANALYSIS OF RECENT RESEARCH 
AND PUBLICATIONS RELATED 
TO THE SOLUTION OF THIS PROBLEM 


The concept, objectives and methods of land manage- 
ment are not defined and are not regulated by any legal 
act of Ukraine, in contrast to the Land Use. However, 
there are a sufficiently large number of textbooks and 
scientific publications in professional journals of 
Ukraine concerning the theoretical foundations of land 
management and practices. Among the most important 
professionals dealing with the issues of land manage- 
ment in Ukraine the following authors can be pointed 
out: V.Gorlachuk, J. Hutsuliak, D. Dorosh, J. Kar- 
pinski, M. Lyhohrud, A. Liashchenko, A. Martin, 
L. Nowakowski, L. Perovych, O. Petrakovska, M. Stu- 
pen, A. Tretiak and others. 

The article by O. Petrakovska (Petrakovska 2005) 
deals with the generalization of all international and 
domestic experience dividing methods of land man- 
agement into three main groups: planning, economic 
and institutional ones. According to the author 
(Petrakovska 2005), planning methods help to work 
out long-term and short-term programs of socio- 
economic development of areas, urban planning and 


land management documentation that regulates de- 
velopment and land use at different planning levels. 

Economic methods of land resources management 
are aimed at creation of economic conditions that 
trigger the rational use and protection of land with- 
out administrative measures. Institutional methods 
are based on taking legal action by the authorities, 
making various kinds of institutional arrangements 
and logistical operations and combining administra- 
tive and judicial activities. 

A. Tretiak (Tretiak 2008) defines the following 
methods of land management: social, economic, 
legal, land-use, organizational and administrative. 

In the book “Land Management” (Tretiak & 
Dorosh 2006) the methods of land management are 
divided into: methods for the study of management 
objects, methods of development of management 
solutions, methods for implementing management 
decisions. 

The authors of the book “Land Management” 
(Horlachuk et al. 2006) distinguish between land 
management techniques, which are divided into two 
groups — the methods of direct exposure (active) and 
indirect effects (passive). The first group includes 
administrative methods, the second — economic, 
social and psychological ones. 

A. Ohryi in his Ph.D. thesis (Okhryi 2006) sug- 
gests the need for marketing and logistics manage- 
ment of land resources, which, in our opinion, will 
provide an opportunity to significantly increase the 
effectiveness of their use, for these methods will 
make it possible to make optimal decisions. 

The authors in their paper (Tretiak et al. 2013) 
grounded the necessity of introducing multifunctional 
complex model of land management in Ukraine, 
however did not explain what management practices 
they consider necessary as the base for the model. 

Each of the authors considers the content of the 
problem to some extent; however each of them focus- 
es their scientific study of scientific management of 
land resources on agriculture and sustainable devel- 
opment of large cities. None of the authors considers 
the problem of land management of industrial cities. 


3 THE PURPOSE OF THE RESEARCH 

The purpose of the research is to investigate and 
justify the land management methods for industrial 
cities of Ukraine. 


4 THE MAIN MATERIAL 


Management method is a set of techniques and 
methods of influence on the managed object to 
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achieve desired goals or the method of influence on 
members of the management process. Classifications 
of management methods are mainly related to eco- 
nomics and management and there are a large num- 
ber of them. Still there is no unique, definite and 
approved classification of management at any level, 
especially management of land resources. On the one 
hand, it appears that land management is an integral 
part of the economic system created by and subject 
to the same economic laws that are faced by any 
process control, on the other hand, it is a unique and 
specific legal group, which is mainly characterized 
by category and purpose of facility management. 

We believe that special attention should be fo- 
cused on the study of methods of land resource 
management in the context of the legal characteris- 
tics of different categories of land use. This should 
identify which management practices from classic 
management can be used, which should be finalized 
and justified, and which could not be used at all. 

At the core of management techniques are identi- 
fied the basic functions of management (Meskon 
et al. 2000): 

— organization; 

— planning; 

— motivation; 

— control; 

— regulation. 

According to them, in the management the fol- 
lowing groups are defined: 

— economic; 

— administrative; 

— social and psychological. 

The main task of management is to focus on 
achieving the necessary goals, but with the obligato- 
ry account of rational use of certain resources. 

Economic management 1s set of tools and instru- 
ments that specifically affect the creation of condi- 
tions for the functioning and development of the 
business (Meskon et al. 2000). These methods are 
based on the factors of market economy and take a 
leading place in the management. 

Administrative management is a system of meth- 
ods and techniques of organizational and adminis- 
trative actions that are used for the organization and 
coordination of management facilities to carry out 
their mission. These methods are based on the cur- 
rent legal regulations. 

The essence of social and psychological man- 
agement is reduced to the methods of impact on an 
individual and groups to change their attitudes to 
work and creative activity, as well as social and 
psychological interests of companies and their 
staff (Meskon et al. 2000). The purpose of using 
these management practices is the study and appli- 
cation of the laws of human mental activity and 


putting it in real conditions for the functioning of 
the organization. 

The above basic management techniques are often 
coupled with legal, ideological, technological, illus- 
trative, research and other management techniques, 
depending on the specific object of management. 

In terms of market relations the basic principles 
of the use of management practices are the follow- 
ing: economic independence, ensuring profitability, 
self-sufficiency, financial interest, moral satisfac- 
tion, competitive products. 

Due to the specific nature of industrial Land 
Management, the general list may be added by the 
principle of maintaining ecological stability of 
ecosystems. The first and the most important meth- 
od of land management of industrial cities is an 
economic method. 

The economy is a fundamental component of the 
existence of the country and it contains all prospects 
for the state development. Economic methods of 
land resources management of industrial cities must 
provide optimal use of land in accordance with the 
specific capacity of the existing natural resources of 
a territory. It works under the following conditions: 

— financial interest of entities of land management 
of parcels located in urban areas and that can be 
used for industrial purposes; 

— pricing of land, loans, fines, tariffs for services 
on land that would directly depend on the category 
of land and its purpose; 

— formation of payment for land; 

— compensation for the use of land inappropriate- 
ly and for violation of land caused by the effects of 
natural and anthropogenic factors; 

— prediction of the long-term economic situation 
in the country; 

—combination of financial interests of the state, 
owners and users of specific management facilities. 

Particular attention should be paid to land lease 
payment, fines, etc., because these components form 
the source of material revenues to the state budget. 
For industrial land special tax status should be de- 
fined, especially in case of a new venture or equip- 
ment upgrade at the old one, which can significantly 
improve the environmental situation, and more. We 
believe that economic method for industrial lands 
should be used as a method of stimulation and only 
in extreme cases as enforcement and punishment. 

One of the important methods of land manage- 
ment of industrial cities is the planning method. 
Planning for urban areas plays a significant role in 
land management. Informed and meaningful plan- 
ning must be the basis of any management. As a 
method of land management in industrial cities, this 
method should include the following: 
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— public discussion of the industry location in ex- 
isting urban conditions for certain urban areas; 

— substantiation of urban planning and projects in 
accordance with applicable legal acts of Ukraine, 
building codes, regulations and standards; 

—account of local development rules in accord- 
ance with specific area; 

— substantiation of prospects for the use of each 
territory; 

—planning of engineering and transport infra- 
structure around industrial facilities. 

In general, exploration, development and zoning 
should be done in close collaboration of architects, 
planners and experts on land relations. Adherence to 
this principle will implement a systematic approach 
to this issue. 

Administrative management based on the law re- 
lating to Ukraine and on land relations occupy 
equally important place in the management of land 
resources of industrial cities. Administrative meth- 
ods of land management of industrial cities can be 
divided into three main components: regulation, 
administration and disciplinary ones. 

The first component refers to all legal acts, regu- 
lations, standards, guidelines, instructions, statutes 
of companies on issues of land resources which do 
not contradict the current legislation and have a 
strong impact on objects and subjects of control. 

The second component includes all administrative 
documents of local governments aiming to address 
arising specific situations. 

The last component is a basis for discipline in all 
areas of life, which governs all existing types of 
liability of Land Management (personal, collective, 
financial and other liabilities). 

Social methods of land management of industrial 
cities are also an important part of the control sys- 
tem. This social component is not affected directly 
by the management facility, but indirectly by the 
state and/or individual owners and users. Compo- 
nents of social methods include different types of 
motivation, raising awareness to solve a particular 
problem, government support for critical needs and 
more. Social management techniques must be sup- 
ported by adoption of rules and regulation for activi- 
ties, as well as by permissions and prohibitions. 

The last method of land management, which is 
one of the major methods for industrial cities, is 
environmental one. This topic is barely covered in 
scientific publications. Although the application of 
this method is the key to the cities with advanced 
and powerful industry. Environmental problems in 
Ukraine are increasing every day, the main reason is 
the anthropogenic pressures and their solutions 
depend directly on funds invested in prevention of 
the damage to human health and the environment. 


Taking into account the land legislation of Ukraine 
there is a category of land as industrial land, 
transport, communications, energy, defense and 
other purposes that form a separate category. In 
terms of environmental law, this category is distin- 
guished as land under the objects of the significant 
sources of negative impact on the environment. 

Important components that make the basis of ecolog- 
ical method of land management are the following: 

— location of land for industrial purposes must be 
justified according to urban standards, rules and 
regulations; 

—required definition of sanitary protection and 
security zones; 

—the introduction of advanced equipment and 
technology that enables to reduce negative impact 
on the environment; 

—design and construction of industrial facilities 
should be subject to mandatory environmental 
assessment, which should provide an assessment of 
environmental safety of the area. 

Ecological method of land management in devel- 
oped countries is a priority and we believe that this 
approach should be adopted in Ukraine. 


5 CONCLUSIONS 


In recent years, there has been a rapid change of 
legal acts of Ukraine, which affects the development 
of land and state land cadaster of the country. Un- 
fortunately, until now there is no general infor- 
mation on land management and land use as part of 
the state land cadasters. In Ukraine there is no single 
body of land management as a macro system. At the 
same time the responsibility for the efficient use of 
land is divided between the executive authorities 
and local governments subordinated to various 
ministries and departments. 

Modern fast development of science and technol- 
ogy complicates human pressure in industrial cities 
through diversity of ultra-modern equipment and 
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advanced production technology. But taking into 
account costs of new technologies in production and 
modern equipment, the majority of industrial enter- 
prises cannot afford such changes. Because the 
industry is inextricably linked to the land where 
respective company is located, and with the envi- 
ronment in general, effective management will allow 
indirectly influence the development of the industry. 

We propose to use economic, planning, adminis- 
trative, social and ecological methods for land man- 
agement of industrial cities. Although most of the 
management methods are taken from classical man- 
agement, they have been adapted specifically for 
use in the relevant field of science and industry. 

Characteristic feature of management of land re- 
sources in industrial cities is that the consequences 
of their actions are observed in all spheres of human 
activity. 

Further research has to shift from macro-to micro- 
level of land management, depending on the pur- 
pose within the category. 
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ABSTRACT: The paper examines current approaches to the definition of the logistics system in order to use 
its basic principles and approaches in the practical operation of industrial enterprises. It has been substantiat- 
ed that the choice of supplier is one of the main problems in the management of procurement of raw materi- 
als and components. This includes the search for sources of supply and an assessment of possibilities of 
timely delivery. Common and special scientific methods were used in this study, e.g. the nature of the “logis- 
tics system” category was studied through the abstraction method; structural and genetic analysis and synthe- 
SIS were applied to determine the inter-related components of the logistics system, and a pairwise comparison 
was used in the selection of raw material suppliers. It has been revealed that the purpose of the logistics sys- 
tem is to deliver goods and products the best prepared for production or personal consumption and at the 
lowest cost. A matrix of pairwise comparisons is recommended for the selection of raw material suppliers. 
This technique allows not only a selection of suppliers, but ranking them by importance. The proposed 
method of selecting suppliers can be used by industrial enterprises in the selection of suppliers as the main 


function of the logistics system. 


1 INTRODUCTION 


Formation of a logistics system allows combining 
logistics functions and logistics operations at all 
stages of the production process. In this case, the 
correct choice of a supplier is an important constitu- 
ent of the enterprise’s success, which can result in 
reducing costs, increasing the efficiency of pro- 
curement logistics and providing the industrial en- 
terprise with competitive advantages and stability in 
the target market. 

Analysis of the current publications on logistics 
has shown that today there is no single definition of 
the logistics system. A.N. Rodnikova’s definition 
can be considered the most general: “Logistics sys- 
tem is an adaptive feedback system that performs 
logistics functions and logistics operations, consists 
of several subsystems, and has developed links with 
the environment” (Rodnikov 1995). According to 
A.G. Kalchenko, “logistics system is an organiza- 
tional and economic mechanism of management of 
material and information flows (Kalchenko 1999). 
Although this is a widely spread definition, one 
cannot insist on its universality, as the author has 
not included financial flows in the logistics system 
concept, though the nature of these is radically dif- 
ferent both from the material and information flows. 

The purpose of the logistics system is to deliver to 
destination the required quantity and range of best 
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prepared for industrial or personal consumption 
goods and products at the lowest cost. In addition to 
functional subsystems, the logistics system includes 
supporting units such as information, legal, and hu- 
man resources subsystems (Kalchenko 1999). 

Y.M. Nerush defines the logistics system as a 
system that provides uninterrupted distribution and 
exchange of products in such a way as to ensure the 
best supply — demand situation. It optimizes the op- 
eration of constituent subsystems: some depart- 
ments determine the amount of product necessary 
for continuous operation of the enterprise (pro- 
curement), others are engaged in the distribution of 
products (sales), some departments deliver products 
from suppliers to consumers, and some collect in- 
formation about suppliers, the market, and consum- 
ers (Nerush 2000). In his definition, Y.M. Nerush 
underestimates the functional purpose of the logis- 
tics system, as he only focuses on “the distribution 
and exchange of products”; he ignores both the 
procurement of raw materials and release of fin- 
ished products, which significantly narrows the ob- 
ject of study. 

A.M. Oklander defines the logistics system of an 
enterprise as an organizational-administrative 
mechanism of coordination of the different services 
that manage material flows. According to the au- 
thors, the logistics system is an organizational and 
managerial mechanism of achieving the desired 


level of integration of logistics functions; this can 
be done through organizational changes in the 
management structure and implementation of spe- 
cially designed management procedures, the most 
important of these being planning of the procure- 
ment and chaining the production and physical dis- 
tribution in a single material flow (Oklander 2000). 
This interpretation of the “logistics system” con- 
cept is applicable to the subject of management that 
influences the object, vis. the material flow. In this 
case, setting aside the information and financial 
flows will also affect the development of the logis- 
tics system. 

Russian scientists V.I. Sergeev, A.A. Kizim and 
P.A. Elyashevich have tried to solve this problem. 
They describe the logistics system as a complex but 
organizationally completed (structured) economic 
system, which consists of material as well as related 
flows interconnected in a single control process; the 
set of the units, their boundaries and function objec- 
tives being united by internal and external business 
objectives (Sergeev et al. 2001). Thus, the authors in- 
clude the information and financial flows in the 
“related flows”. 

D.D. Kostoglodov, I.I. Savvidi, and V.N. Stakhanov 
suggest defining the logistics system as a set of in- 
terrelated and interacting participants of economic 
flows, which are united by similar purposes and 
economic interests (Kostoglodov et al. 2000). How- 
ever, the authors do not disclose the participants of 
the economic flows, which makes the definition 
vague and imprecise. 


2 METHODS 


In our opinion, the logistics system is an adaptive, 
self-organizing feedback system which consists of 
subsystems of procurement, production and sales; it 
performs basic logistics functions such as planning, 
organization, control and motivation and has well- 
developed internal and external relations. 

The main constituent of the logistics system is a 
logistic operation (elementary logistics activity), 
which is an isolated set of actions aimed at trans- 
forming the logistics flows (warehousing, transpor- 
tation, etc.). A logistic function (an integrated logis- 
tics activity) is an enlarged group of logistics opera- 
tions aimed at implementing the objectives of the 
logistics system (procurement, production, and 
sales) (Krikavsky 2004). 

In their research, Ukrainian authors have studied 
the formation of logistic processes and the general 
aspects of logistics management, while foreign au- 
thors pay more attention to the formation and opti- 
mization of process control systems in general. 
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However, the specificity of logistics management in 
industrial enterprises needs a more detailed study. 
Moreover, the studies have left unattended the fol- 
lowing issues: the particulars of logistics quality 
management in industry; problems of modelling, 
development, making and implementation of man- 
agement decisions concerning the quality of logis- 
tics processes in industrial enterprises, the develop- 
ment of organizational and economic mechanism of 
logistic processes in industrial enterprises in 
Ukraine, the criteria for evaluating the efficiency of 
logistics management and the development of a 
supporting information model. 

Logistics provides technical, technological, eco- 
nomic and methodological integration of the individ- 
ual parts of the logistics chain into a single system, 
an effective management of cross-cutting material 
flows, as well as the rationalization of economic ac- 
tivities through their optimization (Baujersoks 2001). 
A.G. Kalchenko believes that logistics balances the 
process of moving material and information flows in 
space and time from their primary source to the end 
user (Kalchenko 1999). Le., logistics facilitates the ef- 
ficient management of material and related infor- 
mation and financial flows with the economic cost of 
all the resources to fully meet customer requirements. 

For this, it should cover and harmoniously chain 
up such diverse activities as production, communi- 
cation, transportation, procurement and inventory 
management, warehousing, materials handling, 
packaging, and other (Mirotin & Tashbaev 2002). 

Improved cooperation with suppliers can mini- 
mize the cost of inventories, and a better coordina- 
tion of specifications can minimize the need for 
field changes of the products procured; better coor- 
dination of pricing can make the company and its 
suppliers more competitive and profitable. Savings 
can be achieved at the other end of the logistics 
chain, vis. in the distribution process. Improved ef- 
ficiency of distribution may affect the overall price 
advantage of the company. High cost of storekeep- 
ing and low cost of decentralized transport allow 
many companies to reduce distribution costs by cen- 
tralizing the stocks. 

Savings due to the reduction of capital as a result 
of the decentralization of inventories offset the high 
cost of fast delivery by truck or by air (Gordon & 
Karnaukhov 1998). The high proportion of logistics 
costs in the final price of goods reveals the potential 
of improving the economic performance of business 
entities due to better material flow management as a 
result of improving individual logistics operations. 
This tool can be rather effective in competing for a 
stable market. 

The operation of domestic industrial enterprises 
shows that all aspects of logistics operations should 


be directly linked to the strategic plan of the enter- 
prise. This is a basic condition for achieving the 
goals and, in particular, maximizing the profit from 
the use of logistics. Logistics systems management 
provides for synchronizing operations and proce- 
dures, linking the different business units into a sin- 
gle managed system aimed at efficient satisfaction 
of the end user (Mirotin & Tashbaev 2002). Thus, 
special attention should be paid to the reduction of 
those activities, operations, or procedures in logis- 
tics processes that do not serve the creation of value 
added so as to reduce costs in general. 


3. RESULTS AND DISCUSSION 


The issues of commodity-material supply being of 
great significance, we have studied the problem of a 
supplier selection by a pairwise comparison matrix 
that is one of the main constituents of the logistics 
system. The matrix has been tested at PAO “Spec- 
trum”, which specializes in the manufacture of al- 
kyd enamels, anti-corrosion primers, oil paints, wa- 
ter-dispersion paints (fungicide primers for outdoor 
and indoor applications; deep penetration primers; 
outdoor, indoor and acrylic paints). 

The choice of a supplier is one of the major prob- 
lems in the management of procurement of raw ma- 
terials and components. This includes search for 
sources of supply and assessment of guarantees of a 
timely delivery. 

At this stage, the choice of a supplier is of im- 
portance not because of a great number of potential 
suppliers operating on the market; it is imperative 
that the supplier was a reliable partner in the for- 
mation of the enterprise logistics system. 

It is the process of selecting a supplier that is one 
of the basics of procurement. According to the 
tasks, the process is divided into several steps 
shown in general in Figure 1 (Anikin 2003). 

In industrial plants, the suppliers are often chosen 
without appropriate recommendations, standards or 
documentation. This leads to negative consequences 
such as duplication of functions and reduced re- 
sponsibility. The results concerning the necessary 
items are achieved as a compromise in the course of 
negotiations and they depend on the supplier’s and 
the buyer’s positions in the market. 

PAO “Spectrum” regularly buys the following 
types of raw materials: bentonite (0.6 t/mo.); buta- 
nol (0.6 t/mo.); xylol (1.2 t/mo.); pentaerythritol- 
modified phthalic resin (0.5 t/mo.); alkyd resin (0.5 
t/mo.); kaolin P-1 (2 t/mo.); toluene (0.6 t/mo.); ti- 
tanium dioxide (1 t/mo.). 

Table 1 shows the main suppliers of raw materials. 
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Stage 1. Search for potential suppliers 
Analysis of suppliers market, study of advertising 
materials, visiting exhibitions 


Stage 2. Matrix for assessment and selection of mate- 
rial flow generators 


Stage 3. Analysis of potential suppliers’ offers 
A list of potential suppliers for each type of raw 


materials is compiled and those that best meet the 
needs of the customer company are selected using 
special criteria 


Stage 4. Evaluation of the results obtained 

The chosen suppliers are assessed both at the search 
stage and in the process of cooperation with them. 
The effectiveness of the procurement management 
is estimated by a close monitoring of the contract 
implementation 





Figure 1. Steps in the process of a supplier selection. 


Table 1. Volumes of supplies of key raw materials at 
PAO “Spectrum”. 


Suppliers 
a 3 5 o S 
4s r Š a 2 = : 6. 
Soe < To 5 £ 5a & 
DO os DS T B ae XM 
a & ~“ ¥ v £ om 8 
S ae 2865 O 2% > 
> a ox D < D ss ON A S T 
-E a8 BUS Aa ef Ex 
pA oO 5 eS S 7) O° 
Š m S2 A a a 
N S 
E %7 p S 
Oy g e 
Bentonite 0.5 me a ee -e 
Butanol 0.6 — eos — o> 
Xylol — — 1:2 = a 
Pentae- 
rythritol- 
modified — 0.5 =e — -s 
phthalic 
resin 
Alkyd 
> 0.5 ee 
resin 
P-1 kaolin — = = 2 = 
Toluene — — 0.6 = = 
Titanium o = n o i 
dioxide 


Table 2 shows the most important criteria of se- 
lecting suppliers for PAO “Spectrum”. 


Table 2. Matrix for assessment and selection of material flow generators. 


Description 3 
Distance from 
; up to 100 km 
consumer to supplier 
Order execution term within 3 days 


Intervals of supplies once a week 


1 month 

Payment terms 
postponement 

Possible discounts 15% 
Supplier’s share in covering transportation paid 
transportation costs by supplier 
Completeness of assortment complete 
Terms of delivery delivery 


at the time of goods 


Terms of risk sharing transfer to the buyer 


Supplier’s reputation no complaints 
Financial position 
of supplier 

Price 


stable 


below market price 


The study of potential suppliers results in a list of 
the most attractive suppliers who then become con- 
tracting parties. The list of suppliers is generally 
produced for each specific type of resources sup- 
plied. Figure 2 shows a comparison of the main 
suppliers for each type of raw materials. 

Pairwise comparisons require uniformity of char- 
acteristics being assessed, the development of logi- 
cally sound criteria and standards as well as clearly 
defined procedures for operating the criteria. The 
advantage of this method is the low labor input of a 
working group in the processing of the data. The 
method of pairwise comparisons can greatly simpli- 
fy the work of an expert and reduce it to performing 
elementary repetitive operations of selection. 

Drawbacks of the method can be related with the 
level of arrangement and execution of the examina- 
tions, the problems of selecting evaluation criteria, 
or experts’ qualifications; they can be eliminated in 
the practical implementation of the method. The va- 
lidity and accuracy of the results can be substantial- 
ly increased by calling competent experts, discus- 
sion on the interim and final results. 

The proposed method of pairwise comparisons is 
operational, which makes it possible to automate 
getting information from experts. 

Suppliers’ significance is calculated using the 
formula: 


in (1) 
2.9; 


parts by supplier and customer 


carriage mostly paid by supplier 


Selection criteria and scores 


2 l 
up to 500 km over 500 km 
1 week 2 weeks 


once a month every 3 months 
payment at the time 
of contract conclusion 
10% 


transportation paid in equal 


prepayment 


5% 
transportation paid 
by customer 

to order occasionally to order 
shipping 
at the time of goods 
transfer in the supplier’s 
warehouse 


at the time of goods 
transfer to the carrier 


occasional breaches numerous complaints 


unstable crisis conditions 


market price above market price 


where >'Q; — a sum of ranks (scores) of i-th supplier, 
> 4,2; —asum of ranks (scores) of all suppliers. 


Table 3 shows the recommended list of suppliers 
for PAO “Spectrum”, based on the calculation of the 
suppliers’ significance coefficients (Table 4). 

The proposed method of pairwise comparisons re- 
veals which of the suppliers are better, and how much 
better they are. This technique allows not only choos- 
ing suppliers, but ranking them by significance, that 
is, if the first-rank supplier leaves the market and is 
no longer able to supply the raw materials, the meth- 
od permits to choose the next-in-the-rank supplier. 
This ensures an uninterrupted procurement within the 
logistics system. 


Table 3. Recommended list of suppliers for PAO “Spectrum”. 


Raw material Supplier t/month 
Titanium OOO “Firma “Kaapri”, 1 
dioxide Kyiv 
Bentonite PE “Bilushenko A.V.”, L1 
and butanol Cherkasy 

OOO “Khimstatus”, 
Aol Kharkiv me 
Pentaerythritol- 
modified PAO “Elaks”, l 
phthalic and Odesa 
alkyd resins 
Kaolin P-1 PE “Progressor”, 2 


Bila Tserkva 
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Figure 2. Pairwise comparison matrices and choice of suppliers of key products for PAO “Spectrum” 
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Table 4. Calculation of supplier’s significance coefficient. 


Sum of ranks, $}. Q; 
Raw material 
First supplier 


Second supplier 


Significance coefficient, a; 


First supplier Second supplier 


OOO “Firma “Kaaprv’, PE “Systema Optimum’, OOO “Firma “Kaaprv’, a 7 ystema 
tas Optimum”, 
Titanium Kyiv Lviv Kyiv Lane 
dioxide [Q+Q+3+B4Q+T4Q+3+ [14 2424+24342434242424+ ane eee 
+34+3+2+2] = 28 +3+1] = 25 
PE “Bilushenko A.V.”, x etn PE “Bilushenko A.V.”, OOO “BSV”, 
Bentonite Cherkasy OOO BOV ER yi Cherkasy Kyiv 
and butanol [2+2+3+3+2+2+3+3+ [IFI F22 FIFFI S B 
+3+3+2+2] = 30 424244342] = 23 ee ae ene 
OOO “Khimstatus”, PE “Systema Optimum’, OOO “Khimstatus”, oe S eon 
; i . Optimum”, 
Kharkiv Lviv Kharkiv à 
Xylol Lviv 
[2+2+2+3+1+2+3+2+ [1+2+2+2+3+1+3+ = _ 
42424342] = 26 141424342] = 23 eos eo 
PAO Korosten- 
Pentaerythri- PAO “Elaks”, a Koronas ZANO PAO “Elaks”, skyi ZAN ON 
. Yantar (“Amber”), Yantar (“Am- 
tol-modified Odesa : Odesa ss 
Korosten, Zhytomyr region ber’), Korosten, 
palaces Zhytomyr region 
ROES MiS [2+3+3+2+2+3+3+3+ [1+2+2+1+1+2+2+3+3+ 
+3+2+3+3] = 32 +3+2+2]=24 pe AOIR 
OOO “Kom- 


PE “Progressor”, 


Bila Tserkva 
P-Ikaolin 


[1+2+2+2+3+2+3+ 
+2+2+2+3+3] = 27 


4 CONCLUSIONS 


1. One of the key concepts related to logistics is the 
logistics system, which is defined by the author as 
follows: logistics system is an adaptive, self- 
organizing feedback system which consists of sub- 
systems of procurement, production and sales; it 
performs basic logistics functions such as planning, 
organization, control and motivation, and has well- 
developed internal and external relations. 

2. Logistics management allows synchronizing 
operations and procedures by linking disparate 
business units into a coherent managed system 
aimed at efficient satisfaction of the end user. 

3. Commodity-material supply being of great im- 
portance, the authors have investigated the process of 
supplier selection using a pairwise comparison ma- 
trix as one of the main components of the logistics 
system. The technique was tested at PAO “Spec- 
trum”. The method offered allows ranking suppliers 
by significance, which ensures uninterrupted pro- 
curement in the frames of the logistics system. 
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OOO “Kompaniya 
“Plazma”, Kharkiv 


[2+2+2+1+14+14+3+14 
424244341] =21 


PE “Progressor”’, 


Bila Tserkva pana Eaz 


ma”, Kharkiv 


27/48 = 0.56 21/48 = 0.44 
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Differential system of the rope bolts loading 


during extraction drift support 


V. Lapko, V. Fomychov & V. Pochepov 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: The main purpose of computational experiment was to evaluate the effect of rope bolt pre- 
tensioning on the rocks of roof stability of mine working reuse for different geological conditions. Computa- 
tions have allowed receiving dependence of rope bolt stress state in time, before and after the working face 
passage through the plane of the modeling bolts. The obtained results have allowed developing optimal dif- 
ferential conditions of rope bolt loading, depending on the strength characteristics of the rock layer that 


forms the rocks of roof above the mine working. 


1 INTRODUCTION 


Conduct the research to improve the stability of ex- 
cavation workings in difficult geological and mine 
conditions aimed to identify the optimal operating 
conditions of steel support design. So it becomes 
possible to maintain their performance conditions 
during the maximum time term (Kovalevs’ka et al. 
2011, Sally et al. 2014). Support of workings re- 
quires constructive solutions that provide the ability 
to quickly withdrawal or low material-output ratio of 
timber construction. Currently, the mines of Western 
Donbass widely used frame-roof bolting (Sotskov & 
Saleev 2013). This steel support provides a suitable 
level of stability of excavation drift, but only during 
prime cost of drift support. Increase the effectiveness 
of the frame-roof bolting is possible through the use 
of new schemes for roof-bolt setting that will reduce 
the convergence of rocks in the drift cavity and re- 
duce metal consumption of frames (Bondarenko et 
al. 2013). In the mines of Western Donbass as new 
elements of rock bolt have been used rope bolts that 
can be installed by pairs in a one or two-level 
schemes (Lapko et al. 2013). Study of optimal char- 
acteristics of two-level schemes installation of rope 
bolts allow to revealed a number of dependencies be- 
tween their geometric parameters and support capa- 
bility change of rope bolts (Kovalevs’ka et al. 2011, 
Lapko et al. 2013). During these studies it was found 
that the effect of the pre-tensioning rope bolt extends 
to all geotechnical system consisting of rock bolt and 
rock layers that form directly generate the roof. 

The aim of the work is to determine the optimal 
characteristics of pre-tensioning bolts that works in a 
unified extraction drift support system, change of their 
mutual influence during rock massif stratification. 
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2 STATEMENT OF THE PROBLEM 


As part of the computational experiment perform a 
series of calculations of the rock bolt interaction 
with rock layer that forms the rocks of roof above 
excavation drift, for different combinations of 
strength characteristics of rocks and the strain is ap- 
plied along the bolt axis. 

Simulations of physical characteristics of the 
rocks perform in accordance with their rheological 
properties at a selected time interval. The interval 
was selected on the basis of data on the develop- 
ment of stress-strain state of the system “rock 
mass—rock bolt” obtained in previous studies 
(Lapko et al. 2013). 


3. COMPUTATIONAL EXPERIMENT 


During the simulation of state changes of geotech- 
nical system was used three-dimensional model the 
size of which in vertical direction of 60m in the 
horizontal plane— 180m by 180m. Through the 
geometric center of the model output is passed to 
the circular cross section of the arch, the base width 
of 4.5 m and height 3.5 m. 

At a height of 0.6m from the footwall extends 
horizontally coal seam with the thickness — 1 m. In 
all calculations under coal seam located bedrock — 
siltstone model, based on a rigid base. The side fac- 
es of the model are limited to rock mass conditions 
of symmetry. The top of the applied load is equal to 
10 MPa. 

Rock layer located in the top of the extraction drift 
is modeled using the mechanical characteristics of 
siltstone, sandstone and mudstone. The composition 


of the model includes features of elasticity, compres- 
sive strength and rheological curves description. 

In the middle part of the extraction drift the roof 
bolting was simulated and was installed in incre- 
ments 1 m. Interval of six meters along the drift. 
This lining consists of three elements with a cross 
section SVP 22 and two rope bolts, installed sym- 
metrically in the top of the excavation drift at a dis- 
tance 1.6 m from each other with inclination 74° to 
horizon. The cross section of the rock bolt was sim- 
ulated with circle. The parameters of circle were 
24 mm in diameter and 4.5 m in the length. 

During the simulation calculations performed 
wallface advance at a speed of 4 meters per day. 
Thus was carried out 46 cycles of calculations, 
the first of which was carried out in elastoplastic 
formulation. With each subsequent cycle on one 
side of extraction drift, the name for which we 
choose the “right” was extracted the fragment of 


coal seam with depth of 4 m and was made recalcu- 
lation of the stress-strain state of geotechnical sys- 
tems. “Left” side of the model during calculations 
did not change. 


4 FINDINGS 


At the first stage of the computational experiment 
two calculations was performed, wherein in rocks of 
roof simulated siltstone. 

Impact assessments of pre-tensioning rock bolts 
on distribution efforts in the load-bearing system are 
carried out on the basis of the graphs are presented 
on Figure 1. These graphs show the temporal varia- 
tion value P’. This indicator represents the ratio of 
the reduced internal efforts o rock bolt and tensile 
strength of rock of roof above drift excavation. 


(a) (b) 
4 P'4 
que 5 KN 35 35 — 5 KN 
10 kN =—==10 kN 
3 3 
2,5 2,5 
2 2 
15 1,5 
1 1 
0,5 0,5 
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45 40 35 30 25 20 15 10 5 O O 5 10 15 20 25 30 35 40 45 


Figure 1. Changes of the maximum value of P’ from the time to bolt set in siltstonerock: (a) the “Left”; (b) “Right”. 


The graphs show the change of internal rock bolt 
forces, pretension of which, in each case during cal- 
culation was the same. The graph shows that for dif- 
ferent values of the pre-tensioning rock bolt the 
quantitative and qualitative indicators of bolt load- 
ing vary considerably. 

In the graph (Figure 1), it is seen that the lower 
value of the rock bolt tension change of its state has 
the character of the offset. The presence of this off- 
set occurs due to the passage of the wallface through 
the plane of the rock bolt installation that through 
the time in a 15th day. Diagram for the rock bolt 
with a greater magnitude pretension shows a steady 
uniform growth with less stress finite value. Thus, 
the development of deformations in the rock mass 
around the bolt does not lead to the formation of fo- 
ci of stress concentrations that trigger the rapid 
growth of the main crack. 
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On Figure 1,b graphics have minor quantitative 
differences, but qualitatively repeat each other. 
Quantitative abnormalities associated with the dif- 
ference in the pre-tensioning of bolt. The increase in 
pre-tensioning of bolt leads to advance start-bolt in 
the process of arch support. That is, in terms of 
computational experiment without differentiation 
initial efforts on roof bolt the resistance increases 
with volume. At the same time unloading of “right” 
bolt is observed in both cases, indicating that the ac- 
tivation of the rocks of roof subsidence process and 
its transition into the out-of-limit state. 

We shall consider in detail the graph in Figure 1 
by pairs in accordance with the magnitude preten- 
sion. With high tension the roof bolting perceives 
greater in magnitude. This load varies smoothly and 
uniformly with time. 
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Figure 2. Changes in the maximum value of P’ from the time to bolt set in sandstone: (a) the “Left”; (b) — “Right”. 


With less pre-tension the quantitative difference of 
internal forces for the “Left” and “Right” bolts in- 
creases, indicating that the activation of the destruc- 
tion process in the central part of excavation drift. 
Thus, for consideration of computational model the 
large amount of pre-tensioning bolt increases the ex- 
cavation drift stability due to the reducing of rock 
massif deformation in the rocks of roof. 

In the next stage of the research was implemented 
differentiated system of pre-tensioning bolting in 
which the “Left” bolt was pulled with one effort and 
the “Right in three different efforts. In Figure 2,a 
and 3,a the “Left” bolt is represented by three charts 
for different tensions of the “Right” bolt. Accord- 
ingly, in Figure 2,b and Figure 3,b are shown the 





graphs of changes in the state of the “Right” bolt at 
different pretension values. 

Calculations was carried out for sandstone and 
mudstone, demonstrate qualitative differences when 
changing the state of the bolt and thus changing the 
state of rocks of roof above drift excavation. Sand- 
stone is sandstone is characterized by the preserva- 
tion of a stable equilibrium of the rocks of roof from 
the “right” bolt even after a few days after the wall- 
face passage. But at the same time with a minimum 
of tension “right” bolt change the internal forces in 
the “left” bolt and has a stepped appearance. There- 
fore, during the relative stability of the entire com- 
putational of stress zone in direct rocks of roof 
above excavation oriented in the horizontal plane 
may lead to stratification of a rock massif. 
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Figure 3. Changes in the maximum value of P’ from the time to bolt set in mudstone: a) the “Left”; b) — “Right”. 


During mudstone calculation it is seen another 
character of the strains and stresses distribution in the 
top of the drift excavation. The values of the internal 
forces of the “left” and “right” bolt differ minimally 
(less than 6%). In two ways of calculating a transition 
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of the roof generate a transcendental state, but at the 
maximum tension of the “right” bolt the rocks of roof 
keeps a steady state. That is, there is a gradual rock of 
roof subsidence while the value of this subsidence 


decreases with increasing pretension of the “right” 
bolt with a differentiated system loading. 

Thus, the condition of the optimal differential 
loading of bolt is to analyze the difference of the ef- 
forts of the “left” and “right” bolts on the set of all 
available points for calculation and has following 
expression: 

£g- 

1S 
n 

where n—the number of days in the calculation; 

P’ and P’ ~—are the value of the internal forces in 








<1, (1) 


one cycle calculation for the “left” and “right”. 


5 RESEARCH CONCLUSIONS 
AND RECOMMENDATIONS FOR 
FURTHER RESEARCH IN THIS AREA 


Pre-tensioning force of rope bolt determines the 
qualitative and quantitative development of defor- 
mations in the marginal rock massif. Selection of 
the optimal value of the bolt tension depends from 
rheological properties of rocks of roof above exca- 
vation drift. Differentiated system of rope bolt 
loading can improve the stable stability of the ex- 
cavation drift by optimizing the distribution of 
non-linear deformation occurs in the rocks forming 
roof of a drift. 

The results of computational experiments require 
verification in natural conditions. Necessary to carry 
out measurements of displacements at the roof of 
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the drift fixed at the experimental site of the rope 
bolt with different pre-tensioning forces. Thus, our 
research will finally confirm the effectiveness of the 
system of differentiated load of bolt support com- 
bined into a single load-carrying system. 


REFERENCES 


Kovalevs’ka, I., Vivcharenko, O. & Fomychov, V. 2011. 
Optimizationof frame-bolt support in the development 
workings, using computer modeling method. XXII 
World mining congress & Expo. Istanbul, September 
11 — 16, Vol. I: 267 — 278. 

Sally, S., Pochepov, V. & Mamaykin, O. 2014. Theoretical 
aspects of the potential technological schemes evalua- 
tion and their susceptibility to innovations. Progressive 
Technologies of Coal, Coalbed Methane, and Ores Min- 
ing. The Netherlands: CRC Press/Balkema: 479 — 483. 

Sotskov, V. & Saleev, I. 2013. Investigation of the rock 
massif stress strain state in conditions of the drainage 
drift overworking. Mining of Mineral Deposits. The 
Netherlands: CRC Press/Balkema: 197 — 201. 

Bondarenko, V., Kovalevs’ka, I., Svystun, R. & Chered- 
nichenko, Yu. 2013. Optimal parameters of wall bolts 
computation in the united bearingsystem of extraction 
workings frame-bolt support. Mining of Mineral Depos- 
its. The Netherlands: CRC Press/Balkema: 5 — 9. 

Lapko, V., Fomychov, V. & Pochepov, V. 2013. Bolt sup- 
port application peculiarities during support of devel- 
opment workings in weakly metamorphosed rocks. Min- 
ing of Mineral Deposits. The Netherlands: CRC 
Press/Balkema: 211 — 215. 


Theoretical and Practical Solutions of Mineral Resources Mining — Pivnyak, Bondarenko & Kovalevska (eds) 
© 2015 Taylor & Francis Group, London, ISBN: 978-1-138-02883-8 


Automated stabilization of loading capacity of coal 
shearer screw with controlled cutting drive 


V. Tkachov & A. Bublikov 
National Mining University, Dnipropetrovsk, Ukraine 


G. Gruhler 


Reutlingen University, Germany 


ABSTRACT: A solution of topical scientific problem of coal shearer output increase providing minimum 
specific power supply for coal cutting, transportation, and loading in terms of thin seams has been proposed. 
The solution is based on the use of earlier proposed criterion of screw gumming for optimum cutting veloci- 
ty-coal shearer feed rate ratio in the context of increased screw rotation owing to phase voltage frequency 
increase. Simulation results of automated control system for coal shearer operations with frequency- 
controlled cutting drive within thin seams have confirmed the efficiency of the system using proposed algo- 


rithm of smart analysis of coal shearer power signal. 


1 INTRODUCTION 


Today theoretical backgrounds of several approach- 
es of automation for coal shearer operation modes 
with alternative cutting velocity are available. For 
example, one of them is an approach of parametrical 
optimization. It means constant electric motor pow- 
er of P cutting drive at the specified level by con- 
trolling Vp; feed velocity and keeping up optimum 
value of hop chip thickness by controlling V, cutting 
velocity: 


V; > var 
V, > var 
P(V; )—> const 
Nyy V f Ve) —> const 


(1) 


It has been proved that each distance between 
neighbouring cutters within a screw has its own 
optimum /,,,,, chip thickness value when coal break- 
ing with cutters takes minimum specific power con- 
sumption (Pozin et al. 1984). 


2 PROBLEM FORMULATION 


Such an approach is true for coal shearers having 
increased loading capacity of end organs. When 
seams are thin, then end organs of coal shearers 
are of less loading capacity; if there is no balance 
between coal volume within working space and 
coal volume being unloaded from it, screw gum- 
ming happens which results in considerable in- 
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crease in the coal shearer specific power consump- 
tion. Thus, to implement an approach of paramet- 
rical optimization, operation within thin seams 
should have optimum value of chip thickness be- 
ing adequate to the screw operation at the gum- 
ming boundary with its maximum loading effi- 
ciency. To do that it is proposed to apply the de- 
veloped numerical criterion of screw gumming 
(Tkachov et al. 2013). 

The aim of the paper is to modify criterion of 
coal shearer screw gumming to apply it at various 
rotation velocities of end organs as well as using it 
to develop algorithm of smart analysis of coal 
shearer power signal to stabilize loading efficiency 
of a screw. 


3. RESEARCH TOOL 


The research applies “face — screw — electromo- 
tor of cutting drive” simulation model basing 
upon known calculation methods for power char- 
acteristics of coal shearer (Pozin et al. 1984), 
mathematical description of power transfor- 
mation in electric drive (Starikov et al. 1981), 
results of numerous research of coal shearer static 
dynamics to simulate loads within end organ 
(Dokukin et al. 1978) as well as method to calcu- 
late power characteristics of coal transportation 
and loading with the help of a screw (Boiko 
2002). The simulation model is described in 
(Tkachov et al. 2013) work. 


4 THE RESEARCH RESULTS 


Analyze time behaviour of increased power value of 
cutting drive electromotor at the moment of coal 
power loading relative to quarters of screw rotation 
period in terms of low and high velocities of end 
organ rotation. To do that we will specify only the 
component of resistance moment within end organ 
connected with the process of coal transportation 
and loading with the help of a screw. 

In Figures | and 2 “0” value of impulse signal 
(dot line) corresponds to the second and fourth quar- 
ters of a screw rotation period; as for “70” value it 
corresponds to the first and third quarters (Tkachov 
et al. 2013). 
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Figure 1. Time variations in cutting drive electromotor 
power P in terms of coal loading with the help of a screw 
when rotation velocity is 105.5 rot/min. 
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Figure 2. Time variations in cutting drive electromotor 
power P in terms of coal loading with the help of a screw 
when rotation velocity is 61 rot/min. 


Figures | and 2 show that despite screw rotational 
velocities (both high and low) regularity of in- 
creased power value of cutting drive electromotor is 
available only at the end of the second and fourth 
quarters of a screw rotation period as the initial 
stage of gumming process. The fact is the condition 
for efficient use of a screw gumming criterion for 
those cutting velocities which differ from nominal 
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one; however, if so, numerical criterion of a screw 
gumming will be determined as follows: 
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where T — the number of instantaneous power con- 
sumed by cutting drive electric motor to be used for 
moving averaging; N — a screw rotation velocity, 
rot/min; k — certain whole number to specify both 
pair and no-pair numbers; 7 — number of current 
instantaneous value of K; criterion; P, — instantane- 
ous value of cutting drive electromotor power in 
terms of averaging, kW; P,0,25.60y) — instantaneous 
power being time-shift relative to P, power value 
per a quarter of a screw rotation period, kW. 

Earlier paper by (Tkachov et al. 2013) considered 
coal shearer control when loading capacity of a 
screw experiencing maximum stabilization at the 
expense of feed velocity control in terms of perma- 
nent cutting velocity. However, when coal shearer 
feed velocity is controlled it is not correct to tell 
about one critical value of feed velocity correspond- 
ing to a coal shearer operation at the boundary of a 
screw gumming. A condition of a screw location at 
the boundary of gumming in regards to controlled 
velocities of cutting and feed should be considered 
either as critical ratio of the given velocities or as 
critical value of a chip maximum thickness; if one 
of them is exceeded then balance between coal vol- 
ume within a screw working space and coal volume 
being removed from it is disrupted. Thus, when 
cutting velocity is alternative then the task of coal 
shearer control on the criterion of maximum use of a 
screw loading capacity without its gumming is to 
determine and then maintain gumming critical max- 
imum chip thickness. 

To specify certain values of a chip maximum 
thickness it is quite enough to control the only veloci- 
ty (either feed velocity or cutting one); the second 
velocity may be controlled using another criterion. It 
is better to use feed velocity as controlled value for 
extra control criterion as it determines both coal 
shearer efficiency and workload of cutting drive elec- 
tromotor. Thus, if cutting velocity of coal shearers 
operating within thin seams is controlled, then opti- 
mum solution is to develop a system of automated 
control for cutting velocity using criterion of maxi- 
mum use of a screw loading capacity without its 
gumming where feed velocity is the input parameter. 
In this context maximum chip thickness is controlled 
value and cutting velocity is controlling one. If so, 


then feed velocity is considered as disturbing action 
varying maximum chip thickness. It means that the 
problem of control can be now described as both 
determination and maintenance of gumming critical 
maximum chip thickness for various feed velocities 
of coal shearer at the expense of cutting velocity 
regulation. 

Using “face — screw — electromotor of cutting 
drive” simulation model, identify critical cutting 
velocity values as for N., screw gumming for vari- 
ous values of V feed velocity within 1.6 to 5.1 
m/min range (Figure 3). 


























Figure 3. Dependence of coal shearer cutting velocity being 
critical on a screw gumming Neo upon its feed velocity V. 


The Figure 3 demonstrates that dependence be- 
tween cutting velocity being critical on gumming 


and feed velocity is non-linear as the volume of 


unloaded coal corresponding to maximum screw 
load capacity decreases at reducing velocity of its 
rotation and visa versa. It means that maximum 
chip thickness being critical on chip thickness is a 
constant varying proportionally to a screw rotation 
velocity according to non-linear law (Figure 4). 
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Figure 4. Dependence of maximum chip thickness being 
critical on gumming Amaxcr upon screw rotation velocity N. 
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However, direct and practically linear dependence 
is also possible as for maximum chip thickness be- 
ing critical on gumming (Figure 5). 

Thus, procedure concerning determination of 
maximum chip thickness being critical on gumming 
is quite enough for two values of feed velocities 
with following approximation of the dependence 
using straight line equation. 
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Figure 5. Dependence of maximum chip thickness being 
critical on gumming Amax.cr upon coal shearer feed velocity V. 


Further you can find the approximation result of 
maximum chip thickness being critical on gumming 
upon feed velocity according to two feed velocity 
values — 1.6 and 5.1 m/min (Figure 6). The obtained 
straight line equation is as follows: 


Prax or V )=1.086+0.245-V . (3) 
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Figure 6. Result of dependence approximation of maxi- 
mum chip thickness being critical on gumming Amaxcr upon 
feed velocity V: graph of straight line equation. 


As Figure 7 shows relative o approximation error 
is not more than 0.6%. 
































Figure 7. Result of dependence approximation of maxi- 
mum chip thickness being critical on gumming Amaxcr upon 
feed velocity V: relative approximation error. 


As paper (Tkachov et al. 2013) demonstrates, to 
fix gumming process under the conditions of cal- 
culation experiment with probability equal to a 
unit, numerical criterion of screw gumming should 


be out of the variation range of 0.9 K — 1.1 K 


values where K is the value of numerical criterion 
averaged per long time period. To meet the condi- 
tion, dependence between numerical criterion rela- 
tive to variation value of its average value and 
increment of circulating coal volume per screw 
rotation has been determined; search of algorithm 
to determine screw feed velocity being critical on 
gumming has been proposed. 

It should be noted that in (1) equation parameters 
of moving averaging of power ratios have been 
calculated basing upon spectral density of high- 
frequency component of cutting drive electromotor 
power (Pozin et al. 1984). That is why making spec- 
ified confidence interval permanent in which gum- 
ming criterion will be with the probability of “1” 
under the conditions of calculation experiment in 
terms of screw gumming non-availability one can- 
not change the pitch of power measurement as well 
as time of moving averaging. 

If control is performed on the basis of chip max- 
imum thickness then to pass to a screw gumming 
mode to identify it providing permissible incre- 
ment of circulating coal volume per screw rotation 
one should know dependence between maximum 
relative deviation of gumming criterion and incre- 
ment of chip maximum thickness. Moreover, tak- 
ing into account constant time of moving averag- 
ing the dependence should be obtained for various 
segments of cutting velocity as at high cutting 
velocities screw performs more rotations having 
similar increment of circulating coal per the same 
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period of moving averaging; circulating coal takes 
less time to be accumulated. According to 
(Tkachov et al. 2013) paper, screw gumming crite- 
rion is sensitive to accumulation velocity of circu- 
lating coal volume within working space of a 
screw; when permissible velocity value is exceed- 
ed it cannot identify screw gumming due to ex- 
tremely short zone of redistribution of power and 
non-power coal load intervals. 

To obtain dependence between maximum relative 
deviation of gumming criterion and chip maximum 
thickness increment as well as increment of circulat- 
ing coal volume per second use “face — screw — 
electromotor of cutting drive” simulation model. 

Note that maximum permissible increment of 
circulating coal volume per second is 0.72:10° m’? 
as paper (Tkachov et al. 2013) has identified. The 
Figure 8 shows that maximum permissible incre- 
ment of circulating coal volume per second being 
0.72-10° m? is possible when maximum chip 
thickness exceeds its critical on gumming value by 
0.155 cm (Figure 9). 
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Figure 8. Dependence of maximum relative deviation of 
gumming criterion on increment of circulating coal vol- 
ume per second AV,;,. when feed velocity is 2.77 m/min 
and screw rotation velocity is 78 rot/min. 


For velocities of feed and cutting being critical on 
gumming they are 2.77 m/min and 78 rot/min re- 
spectively to be adequate to cutting velocity de- 
crease by 3.2 rot/min value. 

The Figure 10 illustrates that in terms of reduced 
screw rotation velocity transfer maximum permissi- 
ble increment of circulating coal volume per second 
being 0.72:10° m? is observed at practically similar 
value of maximum relative deviation of gumming 
criterion from 14.7% average value. 
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Figure 9. Dependence of maximum relative deviation of 
gumming criterion on increment of chip maximum thick- 
ness Ahmas when feed velocity is 2.77 m/min and screw 
rotation velocity is 78 rot/min. 
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Figure 10. Dependence of maximum relative deviation of 
gumming criterion on increment of circulating coal vol- 
ume per second AVe when feed velocity is 1.62 m/min 
and screw rotation velocity is 54.6 rot/min. 


It means that time redistribution behaviour of power 
and non-power loading of coal using screw remains 
practically unchangeable; the only variation is in alter- 
nation frequency of the intervals and their duration. 

However, as Figure 11 shows increment of circu- 
lating coal volume per second being 0.72:10° m° 
now provides deviation of chip maximum thickness 
from its critical on gumming value by 0.2 cm. That 
is due to 1.43 times decrease in screw rotation fre- 
quency to maintain the same velocity of circulating 
coal volume accumulation within working space of 
a screw, deviation of maximum chip thickness from 
its value being critical on gumming should be in- 
creased by 1.29 times. 
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Figure 11. Dependence of maximum relative deviation of 
gumming criterion on increment of chip maximum thick- 
ness Ahn, When feed velocity is 1.62 m/min and screw 
rotation velocity is 54.6 rot/min. 


Disproportion between changes in screw rotation 
frequency and value of maximum chip thickness 
deviation takes place due to decrease in screw load- 
ing capacity. For velocities of feed and cutting being 
critical on gumming (1.62 m/min and 54.6 rot/min 
respectively) 3.4 rot/min decrease in cutting velocity 
corresponds to deviation of maximum chip thick- 
ness by 0.2 cm. 

Identify permissible deviation of maximum chip 
thickness from its value being critical on gumming 
for increased velocity of screw rotation (Figure 12). 
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Figure 12. Dependence of maximum relative deviation of 
gumming criterion on increment of circulating coal vol- 
ume per second AV,;,. when feed velocity is 5.11 m/min 
and screw rotation velocity is 109.2 rot/min. 


The Figure 12 shows that transfer to increased ve- 
locity of screw rotation cannot vary maximum devia- 
tion of gumming criterion in terms of maximum per- 


missible increment of circulating coal volume per 
second (0.72:10° m°*). However, as Figure 13 demon- 
strates, such an increment of circulating coal volume 
gives deviation of maximum chip thickness from its 
value being critical on gumming by 0.117 cm. 
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Figure 13. Dependence of maximum relative deviation of 
gumming criterion on increment of chip maximum thick- 
ness Ahn, when feed velocity is 5.11 m/min and screw 
rotation velocity is 109.2 rot/min. 


That is due to 1.4 times increase in screw rotation 
velocity (to compare with 78 rot/min nominal value) 
maintenance of the same velocity of circulating coal 
volume accumulation in working space of a screw 
deviation of maximum chip thickness from its value 
being critical on gumming should be decreased by 
1.32 times. Disproportion between changes in screw 
rotation frequency and value of maximum chip 
thickness deviation takes place due to increase in 
screw loading capacity. For velocities of feed and 
cutting being critical on gumming (5.11 m/min and 
109.2 rot/min respectively) 2.6 rot/min decrease in 
cutting velocity corresponds to deviation of maxi- 
mum chip thickness by 0.117 cm. 

Identify permissible deviations of maximum chip 
thickness on its value being critical on gumming for 
other feed velocities. 

The Figure 14 helps conclude that dependence be- 
tween permissible deviations of maximum chip 
thickness on its value being critical on gumming 
and feed velocity is inverse and nonlinear due to 
dissimilar loading capacity of a screw in terms of 
various velocities of its rotation. However, to avoid 
development of the dependence under real condi- 
tions of coal shearer operation it is possible to as- 
sume boundary deviation of maximum chip thick- 
ness its value being critical on gumming when ve- 
locity of circulating coal volume accumulation will 
not be more than maximum permissible value with- 
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in the whole range of feed velocity variations. In our 
case, the boundary value of maximum chip thick- 
ness is 0.117 cm (dash-and-dot line in Figure 14). 
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Figure 14. Dependence between permissible deviation of 
maximum chip thickness on its value being critical on 
gumming Ahmaxcr and feed velocity V. 


It is possible to single out two operation modes of 
automated control for coal shearer cutting velocity: 
a mode to search maximum chip thickness on its 
value being critical on gumming for various feed 
velocities and a mode of its tracing in a function of 
feed velocity variations. Consider both operation 
modes on the basis of the scheme of cutting velocity 
control algorithm represented in Figure 15. 

A system of cutting velocity automated control 
always begins its procedure with operation mode 
one after V,;,, feedrate-control setting was entered in 
unit 2; it requires determination of maximum chip 
thickness Amax cr. being critical on gumming. 

Moreover, cutting velocity setting N,,, 1s also cal- 


g 
culated in unit 2 basing upon feedrate-control set- 


ting Vsi and specified T average value of maximum 
chip thickness Amax.giv 
Viw 100 
No =m, (4) 
Vite Bes n 


where n is the number of cutters within cutting line. 

Initial average value of maximum chip thickness 
involves loading capacity of a screw mounted on a 
coal shearer; besides it should correspond to non- 
power mode of coal loading. 

Research using “face — screw — electromotor of 
cutting drive” simulation mode has shown that non- 
power coal loading is typical for double-inlet screws 
which diameter is 0.7 m and above at 1m/min feed 
velocity and 78 rot/min screw rotation velocity 
(conveyor edge height is 0.228 m). Maximum chip 
thickness of 1.3 m is adequate to the data of feed 
and cutting velocities. 


14 
l piaig = Dogs Ts 0.24 















Setting of the V, 


giv 
Calculation of the N,,, 











15 
Survey of V-sensor and 
N-sensor with 
0.1sec quantization pitch 





Survey of V-sensor and 
N-sensor with 
0.1sec quantization pitch 






16 
Survey of P-sensor with 
0.008 sec quantization 
pitch 





Wi ae T aen 


< 0.02 cm 








17 
Calculation of the 







Reset timer 


6 
Survey of V-sensor and 
N-sensor with 


quantization step 0.1 sec 






7 
Survey of P-sensor with 
0.008 sec quantization 
pitch 


Calculation of the 


Mi 


8 





Calculation of the 





20 





Ķ; 


Were n lna 


< 0.02 cm 







9 
(2) A screw Yes 74 
ummin 
Tiaan = Vip T 0.24 


No 


10 
Yes Tine <44 
Sec 


No 









We imax | lnis 


< 0.02 cm 








11 
Calculation of the 






Nines ay = Niecy + 0.12 


Nines 





Figure 15. Algorithm scheme to control coal shearer cutting velocity in terms of parametrical stabilization of maximum 
chip thickness being critical on gumming. 
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Feed and cutting velocity scanning takes place in 
unit 3; pitch is 100 milliseconds to check if the val- 
ue of achieved maximum chip thickness corre- 
sponds to the specified one in unit 4. 

It should be noted that transition to a new value 
of maximum chip thickness depends on the direc- 
tion of changes in feedrate-control setting. If 
feedrate-control setting decreases then coal shearer 
feed rate decreases first being followed by cutting 
velocity decrease. If feedrate-control setting in- 
creases, then cutting velocity also increases being 
followed by feed velocity increase. Thus, transi- 
tion to new maximum chip thickness displays sig- 
nificant margin of a screw loading capacity; circu- 
lating coal is totally removed from working space 
of operating member. 

As working conditions of coal shearer are con- 
stant, margin on circulating coal volume increase 
per screw rotation is kept invariable (Tkachov et al. 
2013) due to its uncertainty at the initial stage of 
gumming and due to unbalance of real maximum 
chip thickness and the given one — 0.9% of screw 
working volume (0.22:10° m’). 

To involve actual average chip thickness unbal- 
ance to the specified value, circulating coal volume 
increase per screw rotation (0.3% of total screw 
capacity) is margined. Calculation experiment has 
determined that if feed velocity is 2.77 m/min and 
cutting velocity is 78 rot/min, the given increase in 
circulating coal volume per screw rotation corre- 
sponds to 0.02 cm deviation in chip thickness from 
the value being critical on gumming. Consequently, 
difference between actual average value of chip 
thickness and the given one should not be more than 
0.02 cm. Otherwise, the beginning of screw gum- 
ming process will not be recorded. 

When maximum chip thickness reaches the given 
value, timer zeroing and its start take place in unit 5. 
Feed and cutting velocity scanning takes place in 
unit 6 with the pitch of 100 milliseconds and instant 
values recording takes place to check if the value of 
achieved maximum chip thickness corresponds to 
the specified one again. Cutting drive electromotor 
power sensor is scanned in unit 7 with the time pitch 
of 8 milliseconds. 

Then criterion of screw gumming is calculated 
according to formula (2); a condition for a screw 
gumming reason is checked in unit 9. If screw 
gumming is not available then timer records are 
checked in unit /0. If 44 seconds have not passed 
since the moment of timer reset, then sensors of 
feed and cutting velocities are scanned in unit 6 and 
the cycle is repeated. If the condition in unit /0 is 
not met, then average value of actual maximum chip 


472 


thickness per time of gumming criterion analysis is 
calculated in unit //. 

Conformance of average actual maximum chip 
thickness with the given value is checked in unit /2. 
If deviation of average actual maximum chip thick- 
ness from the given one according to module is not 
more than 0.02 cm, then the given value of maxi- 
mum chip thickness increases by 0.12 cm in unit 73. 
To provide changes in maximum chip thickness by 
the given value following formula to calculate new 
cutting velocity setting is used: 


` Voi 100 (5) 
e Vow: 100 l 
—— +012 
giv 
where NN’. — previous value of cutting velocity 


giv 
setting. 

Then timer is reset in unit 5; during following 44 
seconds the above cyclic operation performance will 
take place. If the condition in unit /2 is not met, 
then the order of operations to be performed will be 
the same as if the condition in unit /2 is met. How- 
ever, the given value of maximum chip thickness 
will remain the same. This approach will help to 
avoid cases when a system of automated control 
cannot record screw gumming due to error while 
stabilizing velocities of feed and cutting as a result 
of external disturbance effect. 

The described closed operation cycle of automat- 
ed system to control cutting velocity will take place 
until screw gumming happens while determining 
values of maximum chip thickness. After that auto- 
mated control system will “remember” values of 
maximum chip thickness being critical on gumming 
for current feed velocity; transition to unit 2 will 
take place and feed velocity setting will be changed. 
Thus, as a result we obtain set of values of maxi- 
mum chip thickness being critical on gumming for 
various feed velocities. However, as it has been 
shown before the determination of procedure of 
maximum chip thickness being critical on gumming 
is quite enough for two feed velocities only with 
following approximation of experimental depend- 
ence by straight line equation. 

After obtaining dependences of maximum chip 
thickness being critical on gumming upon feed ve- 
locity, automated system to control cutting velocity 
transits into the mode of tracing maximum chip 
thickness being critical on gumming in the function 
of feed velocity change. 

As in the previous mode, first feed and cutting 
velocity settings are specified in unit 2; however, 


this time V,» feed velocity setting is specified ac- 


cording to the taken control law according to ran- 
dom criterion and N, cutting velocity setting is 
calculated on the basis of obtained dependence of 
maximum chip thickness being critical on gum- 


ming upon feed velocity: 


yoan a U 
sv 1,086 +0,245-V 


giv 


(6) 


n 


Further operations in units 3 — 73 are performed 
as it is described before; however, in this case screw 
gumming can be recorded within the second cycle. 

If screw is not gummed in 11 — 20 seconds from 
the moment of last timer reset, then the condition of 
non-available screw gumming in unit 9 will stop to 
be met. In this context 0.24 cm decrease in the given 
maximum chip thickness will take place in unit 74. 
Decrease in the given value of maximum chip 
thickness per double iteration pitch can be explained 
by the fact that in terms of previous given value 
being adequate to screw operation within gumming 
boundary there is no margin on screw loading ca- 
pacity for its ungumming. 

In unit 75 sensors of feed and cutting velocities 
are scanned to form velocity samplings of their 
instant values to check correspondence of actual 
maximum chip thickness to the given value. In unit 
16 sensor of cutting drive electromotor power with 
8 mc time pitch is scanned to calculate gumming 
criterion. Then criterion of screw gumming is calcu- 
lated in unit /7. Condition of average gumming 
value exceed to compare with the current value is 
checked in unit /8. In such a way the quantity of 
coal circulating within working space of screw is 
controlled (Tkachov et al. 2013). Meeting the condi- 
tion in unit 78 means that the level of coal circulat- 
ing in screw working space is high; if so, then the 
system of automated control does not take any ac- 
tions controlling only gumming criterion and gath- 
ering information on actual feed and cutting veloci- 
ties. When circulating coal volume is decreased 
down to 10—14% of screw working volume, the 
condition in unit 78 will cease to be met. Then, in 
unit 79 actual average value of maximum chip 
thickness is calculated and deviation value of the 
given one from the setting is checked in unit 20. If 
the difference between actual average maximum 
chip thickness and the given one is less than 0.02 
cm, in unit 2/ the given value of maximum chip 
thickness increases by double iteration pitch. Then, 
analysis of gumming screw criterion for maximum 
chip thickness 1s performed; screw gumming has 
been earlier recorded in terms of it. If error in terms 
of keeping the given value of maximum chip thick- 
ness is too large due to external disturbances (unmet 
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conditions in unit 20), then to prevent prolonged 
gumming decreased value of maximum chip thick- 
ness remains constant for the period of one more 
analysis of screw gumming criterion. 

Thus, from time to time system of automated con- 
trol for cutting velocity transfers coal shearer into 
the mode of gumming screw operation and check 
the set maximum chip thickness being critical on 
gumming to provide coal shearer operation with 
maximum screw loading capacity. 

It should be noted that considered operation 
mode of cutting velocity automated control pro- 
vides changes in feed velocity setting during the 
period of gumming criterion analysis; in this con- 
text transition to unit 2 takes place despite current 
operation. However, when feed velocity setting 
has been changed, screw gumming should experi- 
ence at least one recording; thus, during the period 
of first analysis of gumming criterion (up to 
20 seconds) feed velocity should remain constant. 
Hence, proposed algorithm to control cutting ve- 
locity according to a criterion of maximum use of 
screw loading capacity restricts to some extent the 
law of feed velocity change according to random 
control criterion. 

Check correctness of coal shearer automated con- 
trol system according to the proposed algorithm 
with the help of its simulation model which struc- 
tural scheme is shown in Figure 16. 

Two levels (upper and lower) can be singled out 
in a system of coal shearer automated control. Set- 
tings fro PID feed and cutting velocity regulators on 
the basis of smart analysis of coal shearer power 
signal are formed within upper level in ULCU (up- 
per level control unit). 

Lower level contains two contours of independent 
control for V feed velocity and N cutting velocity. 
Contour controlling feed velocity covers simulation 
models of coal shearer feed mechanism (FMCL), 
reducer and electromotor feed drive (EMFD) being 
the control object. Besides, simulation models of 
PID regulator, frequency converter (FC) as working 
component, and feed velocity sensor (V-sensor) are 
included into control contour. 

Contour of cutting velocity control includes sim- 
ulation models of reducer and cutting drive elec- 
tromotor (EMCD) being the control object. Be- 
sides, simulation models of PID regulator, frequen- 
cy converter (FC) as working component, and cut- 
ting velocity sensor (N-sensor) are included into 
control contour. 
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Figure 16. Structural scheme of simulation model for the system of coal shearer automated control. 


To simulate load within shafts of electromotors 
of feed and cutting drives while coal cutting, 
simulation models of high frequency Mp- 
(HFCM) and construction M, (CCM) components 
of resistance moments within M,., screw and Mp 
drive sprocket of feed mechanism are used. Low- 
frequency component of resistance moments 
within screw and drive sprocket are specified 
through simulation model of time change of A 
(IMCR) coal cutting resistance. Cutting force 
within single cut Z and feed force within screw Y 
are calculated on the basis of coal cutting re- 
sistance in CCM unit; they are required to deter- 
mine resistance moments within shafts of feed 
and cutting drive motors. 

To simulate load within shaft of cutting drive 
electromotor, simulation model of resistance mo- 
ment component within end organ during the period 
of coal transportation and loading using M; (IMCL) 
screw is also used. 

Transients in reducers and electromotors of coal 
shearer feed and cutting drives are considered by 
means of simulation models of two-mass calcula- 
tion circuit and mechanical diagrams and electro- 
mechanical energy transformation in asynchronous 
electric motor. Elastic moment in M,, reducer, 
angle velocity of w, rotor spinning and power con- 
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sumed by P electric motor are the initial parame- 
ters of the models. 

Feed and cutting velocity sensors are specified 
by amplifying circuits due to fast character of 
transients taking place within these system com- 
ponents to compare with transients within other 
system components. Model of frequency trans- 
formation neglects transients as well as complex 
algorithm of powerful electric signal with alter- 
native amplitude and frequency. Instead signals 
in a unit of frequency transformation are generat- 
ed as follows: 


Ua =U max COS( +t), V, (7) 
Ug =U pax - sin(@ -t), V, (8) 
where us, Up —real and imaginary components 


of phase voltage within U stator windings respec- 
tively, V; t— simulation time, sec; @ — angle fre- 
quency of stator energizing, rad/sec. Moreover, 


Umax amplitude and Wp frequency of uy, uz 


voltages vary proportionally to U, controlling sig- 
nal coming to FC unit from PID regulators accord- 
ing to the law: 





-U 
eS “= const ; (9) 
U 


where k, and k,- coefficients of proportionality 


between amplitude and frequency of ų 5 UB volt- 


ages, and U, controlling signal. 

The Figure 17 illustrates results of simulation of 
automated control system for cutting velocity in the 
mode of searching for maximum chip thickness 
being critical on gumming for 5.11 m/min feed ve- 
locity. The Figure 17, a, confirms that in the process 
of searching for maximum chip thickness being 
critical on gumming, feed velocity varies within 


rather narrow range (5.1 to 2.12 m/min) with aver- 
age value of 5.11 m/min. 

Operation of cutting velocity automated control 
system is considered from the moment of analyzing 
criterion of screw gumming for 2.22 cm maximum 
chip thickness (4.5 to 24.5 sec) being adequate to 
5.11 m/min feed velocity and 112 rot/min cutting 
velocity (Figure 17, b). According to Figure 17, e 
during the analysis, screw gumming criterion is 
within 0.9: K — 1.1: K range shown in dotted lines 
in Figure 17, e. It is the condition of screw gum- 
ming absence being proved by Figure 17, c¢ which 
shows that within 4.5 — 24.5 time interval circulat- 
ing coal volume within screw working space is 
equal to zero. 





i 
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Figure 17. Time changes of: (a) — coal shearer feed velocity V; (b) — screw rotation velocity N (cutting velocity); (c) — coal 
circulating volume in screw working space Verc; (d) — cutting drive electromotor power P; (e) — screw gumming criterion K; 


If value is 24.5 sec then maximum chip thickness 
increases up to 2.34 cm owing to decrease in screw 
rotation velocity from 112 down to 109 rot/min (Fig- 
ure 17, b). According to Figures17,c and 17, e the 
analysis of screw gumming criterion for the given chip 
thickness also demonstrated absence of screw gum- 
ming (24.5 — 44.5 sec). After that maximum chip 
thickness increases repeatedly taking into account 
limitations on permissible chip thickness increment up 
to 2.46 cm owing to decrease in screw rotation veloci- 
ty from 109 down to 106 rot/min (Figure 17, b). 
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The Figure 17, c shows that transition to 106 rot/min 
screw rotation velocity originated screw gumming. 
Circulating coal which volume started increasing dur- 
ing the time appeared within working space of screw 
(Figure 17, c). Screw gumming criterion goes beyond 
the range of values 0.9: K — 1.1-K changes by 53.2 
sec, when circulating coal volume reaches 7.2:10° m° 
(28% of screw working volume). After screw gum- 
ming has been recorded, the system of circulating coal 
removal increases screw rotation velocity from 106 
rot/min up to 112 rot/min, that is by double iteration 
pitch of maximum chip thickness (Figure 17, b). 


Thus, system of automated control makes conclu- 
sions as for the fact that maximum chip thickness 
being critical on gumming for 5.11 m/min feed rate 
is equal to 2.34 cm; further it is traced by means of 
periodic decrease of screw rotation velocity for its 
gumming beginning. The Figure 17, c shows that in 
this context circulating coal volume is not more than 
8-10° m?® (31% of screw working volume) and its 
average value is equal to 4.5:-10° m? (17.6% of 
screw working volume). 

Note that time behaviour of power consumed by 
cutting drive electromotor after circulating coal has 


: V, m/min 


a 





entered screw working space remains practically 

unchangeable (Figure 17,d) due to insignificant 
gumming process: automated control system records 
early screw gumming. Both before circulating coal 
entering (up to 44.5 sec) and after the process cutting 
drive electromotor power varies within 108 -— 
146 kW; average value is 124 kW (Figure 17, d). 

The Figure 18 illustrates simulation results of auto- 
mated control system for cutting velocity in a mode of 
searching for maximum chip thickness being critical 
on gumming in the function of feed velocity change. 


t, sec 


Figure 18. Time changes of: (a) — coal shearer feed velocity V; (b) — screw rotation velocity N (cutting velocity); (c) — coal 
circulating volume in screw working space V;,.; (d) — cutting drive electromotor power P; (e) — screw gumming criterion K;. 


Random rule of feed velocity time change is spec- 
ified during the simulation process. Up to 30 sec 
feed velocity is stabilized at the level of 5.1 m/min; 
from 30 to 65 sec it stabilized at the level of 
2 m/min and after 65 sec its level is 3.5 m/min (Fig- 
ure 18, a). The Figure 18, b shows that cutting ve- 
locity changes practically synchronously along with 
feed velocity having minor retard when feed veloci- 
ty decreases and advance when it increases. The 
Figure 18,c demonstrates that each transition to 
new feed velocity results in coal shearer operation 
with minor screw gumming and its following record 
by automated control system. That confirms cor- 
rectness of cutting velocities setting calculation for 
each of three feed velocities from the viewpoint of 
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maximum loading capacity for screw operation 
without prolonged gumming. Besides Figures 18, c 
and 18,e can help conclude that tracing of maxi- 
mum chip thickness being critical on gumming by 
automated control system is correct. For each of 
three feed velocities screw gumming was twice 
recorded by a system of automated control; gum- 
ming criterion went beyond the range of such values 
as 0.9: K — 1.1- K change (Figure 18, e). The Fig- 
ure 18,b illustrates that each time when screw 
gumming was recorded, automated control system 
accelerated cutting velocity to remove excess of 
circulating coal from screw working space with 
following cutting velocity decrease to maintain the 
mode of minor gumming. In this context circulating 


coal volume varies from 0 (moments of transition to 
new feed velocity when a screw has significant 
loading capacity margin) up to 8.4:10° m° when 
average value is 3.7:10° m° (14.5% of screw work- 
ing space). 

It should be noted that feed velocity change re- 
sults in significant shift of the range of power con- 
sumed by cutting drive electromotor (Figure 18, d). 
However, it depends on coal cutting process with its 
cutters rather that the process of coal transportation 
and loading using screw. When feed velocity in- 
creases (Figure 6) maximum chip thickness being 
critical on gumming increases as automated control 
system maintains it. That results in cutting force 
increase on cutters. Besides when cutting velocity 
increases, path of cutters increases as well during 
similar time period which also factors into cutting 
forces increase. That very time when feed velocity 
remains unchangeable, range of power changes also 
remains constant (Figure 18, d). It means that screw 
gumming process is insignificant which cannot 
result in cutting drive electromotor power increase. 


5 CONCLUSIONS 


Under conditions of thin seams and alternative cut- 
ting velocity of coal shearers technique of paramet- 
ric optimization is promising. The technique means 
that cutting drive electromotor power is maintained 
at specified level by means of feed velocity control; 
as for optimum chip thickness value corresponding 
to screw operation at the boundary of gumming with 
its maximum loading capacity — by means of cutting 
velocity control. 

Both low and high velocities of screw rotation 
preserve regularity of cutting drive electromotor 
power increased value only at the end of second and 
fourth quarters of screw rotation at the initial stage 
of gumming process. It is the condition for efficient 
application of proposed screw gumming criterion 
for coal shearer cutting velocities differing from 
nominal one. However, time shift between meas- 
ured powers of cutting drive electromotor corre- 
sponding to different angle intervals of screw rota- 
tion should be now alternative value varying in- 
versely proportionally to cutting velocity. 
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Maximum chip thickness being critical on gum- 
ming is not a constant value varying proportionally 
to the screw rotation velocity according to non- 
linear law as its rotation velocity determines screw 
loading capacity. However, as for feed velocity of 
maximum chip thickness being critical on gumming 
direct and practically linear dependence is observed. 

Dependence between permissible deviation of 
maximum chip thickness on its value being critical 
on gumming and feed velocity is inverse and non- 
linear due to different screw loading capacities in 
terms of its various rotational velocities. However to 
avoid the dependence building under real conditions 
of coal shearer operation one may take boundary 
deviation of maximum chip thickness on its value 
being critical on gumming when circulating coal 
volume accumulation is not exceed maximum per- 
missible value within the whole considered range of 
feed velocity changes. This boundary value of max- 
imum chip thickness deviation corresponds to max- 
imum velocity of screw rotation. 

Simulation modeling of cutting velocity automat- 
ed control system both in a mode of searching max- 
imum chip thickness being critical on gumming for 
various feed velocities and in a mode of its tracing 
in a function of feed velocity change confirms effi- 
ciency of the system operation using proposed algo- 
rithm of coal shearer power signal smart analysis. 


REFERENCES 


Boiko, N.G. 2002. Coal loading by shearers. Donetsk: 
DonNTU: 157. 

Bublikov A., Tkachov V., Isakova M. 2013. Control auto- 
mation of shearers in term of auger gumming criterion. 
Energy efficiency improvement of geotechnical systems — 
Dnipropetrovsk : Taylor & Francis Group: 137-145. 

Dokukin, A.V., Krasnikov, Ju.D. & Hurgin, Z.Ja. 1978. 
Statistical dynamics of mining machines. Moscow: 
Mashinostroente: 239. 

Pozin, E.Z., Melamed, V.Z. & Ton, V.V. 1984. Destruc- 
tion of coal by stoping machines. Moscow: Nedra: 288. 

Starikov, B.Ya., Azarkh, V.L. & Rabinovich, Z.M. 1981. 
Asynchronous drive of shearers. Moscow: Nedra: 288. 


This page intentionally left blank 


Theoretical and Practical Solutions of Mineral Resources Mining — Pivnyak, Bondarenko & Kovalevska (eds) 
© 2015 Taylor & Francis Group, London, ISBN: 978-1-138-02883-8 


Optimization of the process of natural gas production 
stimulation from low permeable reservoirs 


O. Kondrat & N. Hedzyk 


Ivano-Frankivsk National Technical University of Oil and Gas, Ivano-Frankivsk, Ukraine 


ABSTRACT: This paper presents an analysis of literary publications about improving the technology of 
hydraulic fracturing in unconventional, low permeable natural gas fields. Directions for further research to 
improve the technical and technological efficiency of hydraulic fracturing were analyzed. Using 3D hydro- 
dynamic computer simulation the optimal parameters of horizontal wells and hydraulic fractures in low per- 
meable reservoirs based on their technical and economic efficiency were estimated. Net present value (NPV) 
of cash income, depending on the parameters of the well, hydraulic fractures and reservoir permeability was 
evaluated. Recommendations for horizontal wells drilling and hydraulic fracturing in low permeable reser- 
voirs were grounded. The results of the research were compared with international experience and the correct 
conclusions were drawn. 


1 INTRODUCTION 2 LITERATURE REVIEW 


In order to find new deposits of natural hydrocar- Mayerhofer et al. (2010) suggested considering the 
bons it is necessary to increase the depth of oil volume of the reservoir being limited by transverse 
and gas wells drilling. With the drilling depths fractures as simulated (drained) reservoir volume 
increase the percentage of low permeable reser- (SRV). The authors identified the main factors that 
voirs will increase and it is not excepted that all influence on the size of SRV: formation thickness, 
productive layers will be low permeable. Accord- the length of the horizontal section of the wellbore, 
ing to the field experience gas production from the distribution of stresses in the layer, the presence 
low permeable reservoirs using vertical wells is of natural fractures. It was determined that in order 
economically unprofitable (Arogundade et al. to increase the stimulated reservoir volume, which 
2006). The wells are characterized by low initial actually is the wells draining volume, it is worth 
flow rates which decrease rapidly during the field considering the possibility of increase fractures 
development. New, efficient processes design will density, wells perforating parameters, wellbore hor- 
enable to recover natural gas from the fields with izontal section orientation, open hole well comple- 
low permeable reservoirs which will give rise to tion and others. 


fuller development of hydrocarbon resources in Pope et al. (2010) investigated the effect of hy- 
deposits of Ukraine and ensuring its energy inde- _—_draulic fractures density, length and permeability on 
pendence. operating parameters of the wells based on the re- 

Field data analysis shows that natural gas pro- sults of 3D computer modeling and field data from 
duction from low permeable reservoirs with eco- 56 wells in Haynesville shale gas field. Productive 


nomically profitable production rate can be deposits are so-called black organic reach shale, 
achieved only by horizontal wells infill drilling with clay fractions containing less than 40%. Total 
with further gas flow stimulation (Cipolla 2009). — organic content ranges from 3 to 5%, and the coeffi- 
Currently, the most effective method of enhanced cient of thermal maturity 1.3 — 2.4, which corre- 
gas recovery is multistage hydraulic fracturing sponds to the condition of “dry” gas formation. 
(HF) of the formation. The main parameters that About 80% of the initial gas reserves are in the free 


affect on the well performance using this technol- state in the pore space, and the rest (20%) is ad- 
ogy is the length of the horizontal wellbore, the sorbed on the rock surface. The thickness of the 
number and size of perforation intervals, the num- formation 50- 120m, reservoir permeability 
ber of hydraulic fractures, their length, density and 5-800 mD, open porosity coefficient 6— 12%, 
permeability. initial water saturation 25-35%. For a detailed 
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analysis of production data was chosed the well 
which was drilled from the beginning of the field 
development, with horizontal section length of 
900 m, with 10 multistage hydraulic fracturing, the 
distance between them is 90 m. Using hydrodynam- 
ic simulation in the model of the part of Haynesville 
deposit with length of 1000 m and a width of 320 m, 
the authors investigates production history matching 
of the area in order to determine the real parameters 
of hydraulic fractures. For history matching two 
variants were considered. For the first variant for 
each interval of perforation two hydraulic fractures 
were formed (20 fractures), under the second - one 
fracture per each interval (10 fractures). Fracture 
length for each option varied from 500 to 0 m. Hy- 
drodynamic simulation results showed that both 
variants were correlated with field data. 

Cipolla (2009) considered the optimization of hy- 
draulic fracturing parameters in horizontal wells by 
the example of the Barnett shale deposits. This pa- 
per analyzes the influence of fracture conductivity 
and their density on the dynamics of cumulative gas 
production. According to the simulation results it 
was estimated that with the increase of fractures 
conductivity the drainage area of the wells increases 
and cumulative gas production rises. With the de- 
crease of the distance between fractures in the con- 
ditions of the uniform fractures conductivity the 
cumulative gas production from the deposit increas- 
es. In this connection, special attention should be 
paid to microseismic monitoring during hydraulic 
fracturing. These microseismic monitoring data will 
enable fuller consideration of the complex hydraulic 
fractures system and to predict the field develop- 
ment more accurately. 

Work of Momeni at al. (2011) concerned with 
the features of practically dry gas extraction (C5 + 
fractions content of about 2%) from low permeable 
reservoirs and its main task was to study the influ- 
ence of hydraulic fractures and the Darcy law vio- 
lations for calculations of production well charac- 
teristics. The gas reservoir was simulated in the 
software CMG-GEM by two ways: the first one — 
the presence of natural fractures in the reservoir 
using a dual porosity model, the second one — 
without them using a single porosity model. Both 
variants were calculated with the presence of hy- 
draulic fractures and without them. The porosity of 
the model of 2— 13%, horizontal permeability — 
0.12—1mD, vertical permeability - 0.06- 
0.5 mD. Hydraulic fractures permeability is equal 
to 300 mD. The total volume of natural fractures in 
the reservoir was about 1% of the total pore vol- 
ume. The simulation results showed that the hy- 
draulic fractures have virtually no effect on wells 
productivity factor in the case of dual porosity 
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model (0.01%), but their presence significantly 
increases the well productivity (15%) in case of 
the calculation using single porosity model. The 
Darcy law violation has a significant impact on 
wells productivity factor, especially in the case of 
dual porosity model. 

Bo Song at al. (2011) examines the economic ef- 
ficiency of the horizontal wells drilling with the 
transverse hydraulic fractures. In this paper, the 
authors single out stimulated reservoir volume, as 
the area of the reservoir, which is not only limited 
by horizontal wellbore and hydraulic fractures, and 
protrudes at '2 of the distance between the fractures 
at the edges of the wellbore and at '4 of horizontal 
distance between fractures at the ends of the frac- 
tures. In the initial period of time the gas flows in- 
dependently for each linear fracture (fracture stor- 
age) then appears pseudolinear and pseudo pseu- 
dosteady gas inflow to the well, which is character- 
ized by the gas inflow from drainage area of each 
fracture. With the further wells operation compound 
linear and radial inflow to the whole stimulated 
reservoir volume appears. To summarize, it 1s worth 
noting that in the design of well drilling and hydrau- 
lic fracturing in unconventional deposits not only 
operational parameters of the well, but also econom- 
ic efficiency should be taken into account. This 
paper proposes a method for evaluating the effec- 
tiveness of horizontal wells with transverse frac- 
tures, according to which the profit from sales from 
each individual fracture should at least cover the 
costs for its formation and the drilling of necessary 
length of the borehole. If this condition is satisfied 
for a single fracture, it can also be implemented for 
its greater amount. 

Clarkson et al. (2009), Freeman et al. (2009) and 
Al-Kobashi et al. (2006) also presented an analysis 
of the gas flow regimes to horizontal wells with 
multistage transverse hydraulic fractures for CBM 
production. 

Using field data from Martsellus and Haynesvil 
shale deposits a study was conducted in order to 
determine the optimal wells spacing and their num- 
ber for different matrix permeability (5-10°, 500-10” 
and 50-10° D), fracture half-length (75, 150 and 
275 m) and the distance between the fractures (12, 
18, 25, 36 and 48 m) (Vivec Sahai at al. 2012). In 
the studies the following average parameters of 
Marcellus and Haynesville deposits were used: the 
depth of the reservoir — 3627 and 2095.5 m; for- 
mation thickness — 61 and 71.6 m; porosity — 8, 
4.8%; initial reservoir pressure — 69 and 28 MPa; 
gas gravity — 0.593 and 0.57. The length of the hori- 
zontal sections of wells is the same for all versions — 
1170 m. The experimental results show that when 
increasing the length of the hydraulic fracture the 


optimal number of wells in the area decreases, and 
with a decrease in the reservoir and fracture perme- 
ability — the number of wells increases. Also, the 
analysis of the research data show that the optimum 
distance between the fractures is 24—30m at the 
fracture half-length of 150 m. 

Khan & Al-Nakhli (2012) describe the specific 
features of gas production from tight sands. In par- 
ticular, they include: 

1. Identification of the most promising areas 
(sweet spot) in the productive layers which are areas 
with high porosity, permeability, increased reservoir 
pressure compared to the rest of the reservoir and 
the presence of natural fractures. In deposits devel- 
oping gas flows from remote areas to the most 
promising zones where wells have been drilled. If 
there are no such zones, commercial gas production 
is not possible without hydraulic fracturing. 

2. The increase of stimulated reservoir volume. 

3. Low-permeable formation pollution and block- 
ing the channels for gas inflow by drilling fluids, 
HF liquids etc. 


3. PROBLEM FORMULATIONS 


In Ukrainian and international publications widely 
considered is the issue of enhancing the technology 
of hydraulic fracturing by improving the technolog- 
ical properties of fracture fluids, proper selection of 
propant, openhole hydraulic fracturing, gas (ener- 
gized) fracture fluids usage to provide a more com- 
pleted removal of fluids to the surface etc. However, 
the issues of well parameters optimization and HF 
almost were not considered. There have been some 
attempts to establish such parameters for the specif- 
ic fields, but a generalized problem solution of this 
nature, the results of which could be used for a 
number of deposits was not found. Therefore, taking 
into account the current state of the industry, the 
research of determining the optimal parameters of 
hydraulic fractures and wells is extremely im- 
portant. The results of these studies will enable us to 
reduce the costs for carrying out hydraulic fractur- 
ing and to enhance current gas production and gas 
recovery factor from natural gas deposits with low 
permeable reservoirs. 


4 THE BASIC MATERIALS 
OF THE RESEARCH 


As a tool to assess the optimal parameters of hori- 
zontal wells with transverse hydraulic fractures 
was used hydrodynamic simulator ECLIPSE 300 
in combination with geological simulator PETREL 
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which was donated and licensed to IFNTUOG by 
Schlumberger. The study was conducted in three 
stages. In the first stage horizontal well length was 
estimated, the second — the impact of fracture 
length in horizontal wells on technical and eco- 
nomic parameters were determined, and the third 
stage included the determination of the optimal 
fractures density. 

These studies were conducted on the hydrody- 
namic model of the reservoir with a length of 
3000 m and a width of 1000 m, which was divided 
into 21000 cells in the grid with fine grid in the 
near wellbore area. The depth of the formation is 
2800 m, reservoir thickness — 100m, reservoir 
temperature — 70°C, the initial reservoir pressure 
equals 300 bar. The reservoir permeability coeffi- 
cient ranges from 0.01 to 10 mD, which allowed to 
assess the reservoir parameters impact on the effi- 
ciency of the horizontal wells drilling. As a base 
case in the studies the vertical well, which open 
75% of the reservoir, was used. Other variants 
included well drilling with the length of its hori- 
zontal section from 50 to 2400 m. Calculations for 
all variants carried out for 20 years in case of the 
wells operation at a constant bottomhole pressure 
(200 bar). The technological efficiency was evalu- 
ated based on the analysis of cumulative gas pro- 
duction and recovery factor for different variants. 
The economic analysis was based on the determi- 
nation of net present (discounted) value (NPV), 
which was conducted on the basis of national legal 
regulations acts and international publications 
(Hefley et al. 2011, Joshi 2011, Resolution 56 of 
the National Commission for State Energy and 
Public Utilities Regulation). 

During the economic efficiency research some as- 
sumptions were adopted. In particular, the cost for 
vertical borehole drilling for all variants was con- 
sidered the same. The cost of drilling of one meter 
of horizontal wellbore was adopted at 20000 UAH. 
Gas production costs were selected after the analysis 
of domestic and foreign publications (Hefley 2011, 
Joshi 2011), and in these studies they were 
4100 UAH/thousand m°. Sales price per gas volume 
unit was adopted in accordance with National 
Commission for State Energy and Public Utilities 
Regulation at 4874 UAH/thousand m°. Also, eco- 
nomic analysis did not count the cost of wellhead 
equipment and vertical part of the well, because for 
all calculation variants it will be approximately 
equal and not affect the relative ratios. The cost of 
the horizontal section of casing and cementing was 
included in the drilling costs. 

The results of hydrodynamic modeling for deter- 
mining the optimal horizontal wellbore length is 
shown in Figures 1 and 2. 
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Figure 1. Graphic dependences of gas recovery factor on the 
horizontal well length for different values of reservoir per- 
meability: 1 — 0.01 mD; 2—0.1 mD; 3 — 1 mD; 4 — 10 mD. 
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Figure 2. Graphic dependences of NPV on the horizontal 
well length for different values of reservoir permeability: 
1 — 0.01 mD; 2 —0.1 mD; 3 —- 1 mD; 4 — 10 mD. 


After obtained results analyzing it should be noted 
that it is not profitable to drill horizontal wells in 
layers with relatively high permeability (10 mD), 
because a significant gas recovery factor increases is 
not achieved. In case of horizontal wells drilling in 
these layers NPV will be lower than in case of verti- 
cal wells drilling. For layers with permeability of 
about 1 mD the optimum of the dependence of gas 
recovery factor on the length of the horizontal section 
is observed on the range at 800 — 1000 m. A further 
horizontal length increases does not provide a signifi- 
cant growth of recovery factor. NPV curve analysis 
for this variant testifies that the maximum net present 
value is achieved for the horizontal section length of 
400 — 500 m. For low permeable layers (0.1 mD) the 
maximum gas recovery factor is observed at horizon- 
tal length of the well 3500 m. The maximum NPV is 
achieved at the length of horizontal section of 
2400 m. For reservoirs with permeability of 0.01 mD 
the dependence of gas recovery factor on the length 
of the horizontal wellbore is almost straight-line and 
to determine its optimal value based only on simula- 
tion data is almost impossible. These results have also 
good correlation with the dependence for NPV. 
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The next stage of the study was the determining 
of the optimal hydraulic fractures length. The re- 
searches were conducted for vertical and horizontal 
wells with horizontal section length of 400m in 
case of a fracture placement in the middle of perfo- 
rated interval. 

Simulated hydraulic fracture parameters are the 
following: fracture permeability 1 D, fracture fixed 
height 25 m, length of the fracture — from 0 (base 
case) to 600m. It was made the assumption that 
fracture was formed perpendicular to the wellbore. 

Figures 3 show the results of simulations for ver- 
tical well with hydraulic fractures. 
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Figure 3. Graphical dependences of the NPV and gas 
recovery factor on the fracture length for vertical well for 
reservoir permeability of 0.01 mD: 1 — NPV; 2 — gas re- 
covery factor. 


In particular Figure 3 clearly shows the peak of 
economic efficiency, which corresponds to the 
length of the fracture of 120m. Further fracture 
length increase will result in NPV curve decrease at 
almost constant gas recovery factor. 

Figures 4 and 5 shows the results of simulations 
for horizontal well. 
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Figure 4. Graphical dependences of the gas recovery factor 
on the fracture length in horizontal well for the reservoir 
with different permeability: 1 — 0.01 mD; 2 — 0.1 mD; 
3- 1 mD; 4- 10 mD. 
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Figure 5. Graphical dependences of NPV on the fracture 
length in horizontal well for different reservoir permeabil- 
ity: 1 — 0.01 mD; 2 — 0.1 mD; 3 — 1 mD; 4 — 10 mD. 


Obtained results analysis showed that for the res- 
ervoir permeability of 0.01 mD the optimal fracture 
length is 150 — 200 m, for the reservoirs with the 
permeability of 0.1 mD — 70 m, for the permeability 
of 1 mD — 50 m. For the reservoirs with the perme- 
ability of 10 mD, sharp recovery factor increase is 
observed in the presence of hydraulic fracture length 
up to 50 m. Further fracture length increase does not 
affect the recovery factor. Such results correlate 
with the economic analysis, according to which the 
optimum fracture length for highly permeable reser- 
voirs is 50 m. The further fracture length increase 
leads to NPV reduction. 

In order to determine the optimum fracture den- 
sity the hydrodynamic modeling was conducted 
with the following assumptions. In particular, for 
each variant the same number of fractures was 
adopted (6 fractures). The distance between frac- 
tures varied from 15m to 220m. The length of 
the horizontal wellbore and perforated interval 
also varied depending on the distance between 
fractures. For example, the maximum horizontal 
wellbore length was at a distance of 220 meters 
between fractures and equaled 1400 m, and the 
lowest one — in the absence of cracks (base case) 
and was equaled 200 m. The length of the hydrau- 
lic fractures also varied from 0 to 600 m. 

In order to analyze the experimental results the 
graphical dependencies on Figure 6 —8 were built. 
Best interdependence between different variants can 
be seen in Figure 8. This graph shows the absolute 
dependence of chain growth of cumulative gas pro- 
duction on the fracture length for different distances 
between them. 

Figure 8 indicates graphical dependences for es- 
timating the economic effectiveness of HF. In par- 
ticular, the graph clearly shows that the highest 
economic effect is achieved when the distance be- 
tween hydraulic fractures equals 25 m. 
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Figure 6. Graphical dependences of cumulative gas pro- 
duction on the fracture length for different distances be- 
tween them: | — 15m; 2 — 25m; 3 — 45m; 4 — 75 m; 
5 — 120 m; 6 — 220 m. 
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Figure 7. Absolute dependences of chain growth of cumu- 
lative gas production on the fracture length for different 
distances between them: 1 — 15 m; 2 — 25 m; 3 — 45 m; 
4-75 m; 5-— 120 m; 6 — 220 m. 
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Figure 8. Graphical dependences of NPV on the fracture 
length for different distances between them: 1-— 15 m; 
2—25 m; 3-45 m; 4-75 m. 


Analyzing graphical dependences of the Fig- 
ures 7—8 it can be concluded that with fracture 
length increasing increases the optimal distance 
between them. These results correlated with the 
publication of famous authors in this issue. 


5 CONCLUSIONS 


As a result of 3D computer modeling it was found 
that the optimal length of the horizontal wellbore is 
quite dependent on the reservoir permeability. For 
low permeable reservoirs the optimal horizontal 
wellbore length can be determined being exclusive- 
ly based on the features of the specific conditions of 
the field and technical and economic indices of the 
company. For reservoirs with relatively high perme- 
ability (about | mD) the optimal horizontal wellbore 
length is about 1000 m, and its further increase does 
not give significant technical and economic effect. 
For reservoirs with lower permeability the depend- 
ence of recovery factor and NPV on the horizontal 
wellbore length is almost straight-line and horizon- 
tal wellbore increase lead to the growth of the re- 
covery factor. These results are confirmed by the 
field experience of horizontal wells drilling in the 
unconventional natural gas fields of the United 
States, where oil and gas companies choose the length 
of the horizontal well not being based on technology 
reasonable parameters, but being based on the finan- 
cial resources of company and mutual spatial ar- 
rangement of the wells and field boundaries. 

In assessing the optimal transverse hydraulic frac- 
ture length it should be noted that it practically does 
not depend on the reservoir permeability and ranges 
within 100 — 200 m, and on average is 100 — 150 m. 
As an exceptions can be only high permeable reser- 
voirs (~10 mD) for which transverse fracture up to 
50 m is reasonable. 

Further researches showed that the optimum dis- 
tance between hydraulic fractures is 25 m. At this 
value of distance between fractures maximum NPV 
and cumulative gas production are observed. In 
lesser or greater distance between the fractures the 
technical and economic indecis are lower compared 
to the previous one. 

Evaluation of technical and economic efficiency 
of the proposed solutions was made based on the 
assumptions that bottomhole formation zone is not 
polluted, and the reservoir is isotropic (porosity and 
permeability in all directions are the same). 

To sum up it should be noted that for reservoirs 
with permeability of 1 — 0.01 mD it is recommended 
to drill horizontal section of the wells up to 1000 m 
long, and then treating it by multistage hydraulic 
fracturing with fracture length up to 150 m at a dis- 
tance between them of 25 m. 

The results do not contradict international experi- 
ence of horizontal wells drilling and hydraulic fractur- 
ing, and in some cases confirm the results of known 
researches. However, in order to obtain the best results 
in the real Ukrainian fields specification of these pa- 
rameters should be held on the basis of specific geo- 
logical, technological and economic conditions. 
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ABSTRACT: In the article, the question of the cost-effective use of resources while mining thin and very thin 
coal seams of Western Donbas is considered. The method of selective mining with gob backfilling is proposed. 
The estimation of operation condition the mine workings under gob pack protection is carried out. The investi- 
gation results of shearer power consumption that cutting tools form different longwall face shapes are given. 


1 INTRODUCTION 


The coal industry of Ukraine plays an important role 
in energy balance. Coal has 95% in the structure of 
Ukraine`s energy resources. According to estima- 
tion (Baker 2013), our country takes 7" place in the 
world on coal reserves — 33.9 billion tones or 4% of 
all world coal reserves that provide reliable function 
of power facilities and other consumers that use coal 
as the energy producing material. 

In the balance of coal reserves only 20.4% comes 
on seams with thickness more than 1.2 m, 74% are 
thin coal seams (up to 1.2 m) including 33.3% of 
very thin coal seams (less than 0.8 m) (Topolov et al. 
2004). Most of the proved reserves with thickness > 
0.8 m occurred in underworking and overworking of 
a coal, that make difficult or impossible exploration 
with traditional mining methods (Falshtynskyi et al. 
2014, Lozynskyi 2015). Geo-technological condi- 
tions of mining thin and very thin coal seams are 
very difficult. While mining of these seams the level 
of labor intensity, amount of energy consumption, 
human and material recourses are constantly increas- 
ing (Byzilo et al. 2013). Therefore, underground 
mining of thin and very thin seams is actual and has 
to be based on resource-saving technology. 


2 SUBSTATIATION OF THE PROBLEM 


In many coal-mining countries the seams with 
thickness up to 1.2 m do not develop. The mecha- 
nized complexes, including a new technological 
level in most cases do not fit in the thickness of ex- 
tracted seam. In a result, mines induce to extract the 
coal with wall rock undercutting. It leads to increase 
the level of ash content. On certain coal-mining en- 
terprises, the ash content reaches 60%. 
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The main source of rock intake in coal are 
longwall and development faces. In total volume of 
hoisting rock from the mine, 70% comes from 
longwall and 22.5% development faces. The cause 
of coal clogging in longwall face are presence of 
false, unstable roofs and undercut of surrounding 
rocks (Byzilo et al. 2013). 

Growth of ash content negatively influences on the 
main indicators of mine work, primarily on profit and 
profitability. Simultaneously, enrichment products are 
worsening and their output is reducing. Electricity 
consumption, labor and material cost due to increased 
volume of waste rock transportation and enrichment 
of high-ash coal are increasing (Bondarenko 2010). 

Especially sharply, the problem of thin and very 
thin coal seams mining stands on Western Donbass 
mines. The distribution of coal reserves by thickness 
on PJSC “DTEK Pavlogradvugillia” mines is shown 
on Figure 1. 
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Figure 1. Distribution of coal reserves by thickness on 
PJSC “DTEK Pavlogradvugillia” mines. 


The given data show that about 50% of coal re- 
serves buried in seams with thickness less than 
0.8 m that under current techniques and technolo- 
gies do not possible to extract in Western Donbas 
conditions without wall rock undercutting. 


In present time longwall faces are equipped basi- 
cally by domestic mechanized complexes KD-80, 
KD-90, KD-99, DM types with shears KA-80, KA- 
200, UKD-200-250, UKD200/400. The minimum 
mining thickness in longwall equipped by these 
mechanized complexes is 1.0— 1.05 m. On certain 
enterprises are introduced and successfully operated 
mechanized complexes of Czech production consist- 
ing from roof support Ostroj and shearer MB-410E 


TMachinery company where minimum extraction 
thickness is 1.15 — 1.25 m. 

The diagram of the average dynamic pattern of 
geological and mining seam thickness in considered 
region by years is shown on Figure 2. Coal seams of 
Western Donbas generally have simple structure. 
Therefore, the difference between mining and geo- 
logical thickness is the size of wall rock undercut- 
ting in longwall faces. 
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Figure 2. Diagram of the average dynamic pattern of geological and mining seam thickness in longwalls of PJSC “DTEK 


Pavlogradvugillia” mines: «ge geological; =. mining. 


According the data presented in Figure 2, it is 
means the average size of a wall rock undercutting 
changes in the range from 0.1 to 0.29 m. However, on 
certain enterprises wall rock undercutting in stopping 
faces reaches 0.4 — 0.5 m (Bondarenko et al. 2013). 

Thereby, introduction of new equipment the prob- 
lem of improvement the quality of extracted coal 
did not solve, changes are aggravate. The bulk min- 
ing implementation on mines is the main cause of 
ash content increasing in produced coal. 

The histogram of ash content pattern in produced 
coal on PJSC “DTEK Pavlogradvugillia” mines by 
years 1s Shown on Figure 3. 
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Figure 3. Histogram of ash content pattern in produced 
coal on PJSC “DTEK Pavlogradvugillia” mines. 


Identifying feature of Western Donbass is the pre- 
sent in floor and roof of mining seams the soft clay- 
ish and siltstone-clayish rocks (f = 1.5 — 2.5 on 
M. M. Protodyakonov’s scale) which under moistur- 
izing get swell. Thus, 50 — 80% of rock strength prop- 
erties are losting. In a result, the intensive shifts of mine 
opening contours appear, as well as deformations and 
support destructions, rock failures and sets on “rigid 
base” of mechanized complexes are happened. 

Furthermore, the presence of hard and viscous coal 
with hardness coefficient on M.M. Protodyakonov’s 
scale 3—5 having high-resistivity to cut 250 -—- 
520 kH/m requires additional energy consumption. 

While passing of mining operations to a great 
depth the loads on support are increasing. The dis- 
placements of mine opening contours increase ap- 
proximately in three times. Conditions of mine work- 
ings remain unsatisfied, more over 40% are repaired 
before beginning of exploitation, and 52% of opera- 
tional mine workings are deformed. The costs on re- 
pair and maintenance of section mine workings have 
been growing. They compound on different sources 
is 15 to 35% of total costs while coal mining. 

The researches (Martovitskiy 2012), which were 
carried out on mines of considered region are shown 
that main part of costs put in works on repairing of 
section mine workings. 
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Thus, 77% from all repairs come on bottom ripping, 
19% — alignment and 4% — support replacement. The 
actual volumes of repair operations in section mine 
workings of PJSC “DTEK Pavlogradvugillia” mines 
by types of works are shown on Figure 4. 


4% 


19% 






77% 


Figure 4. Actual volumes of repair operations in section 
mine workings of PJSC “DTEK Pavlogradvugillia” mines 
by types of works: © aligment; gg bottom ripping; 
wm Support replacement. 


As a result, for ensuring operational condition of 
section mine workings it is necessary to conduct re- 
pair operations that include full remounting of par- 
ticular sites or all mine working, application tempo- 
rary strengthening support, increase of frame instal- 
lation density, ripping of expanded rocks etc. 

Having regard to the above, for coal seam mining 
in Western Donbas conditions the actual task is find- 
ing solutions that would allow to use for coal extrac- 
tion the existing equipment providing coal separation 
from undercutting rock and leave the last one in the 
mine. Furthermore, simultaneously mined rocks to 
use in the case of material for protection construction 
building in mined-out area, reducing the negative im- 
pact of mine pressure and creating the conditions for 
maintenance-free supporting of mine workings. 


3. THE WAYS OF PROBLEM SOLUTIONS 


The retrospective analysis of existing experience of 
thin and very thin coal seams mining in Western 
Donbas shows that there are a number of scientific 
developments, especially the National Mining Uni- 
versity, that can be implemented in the life and ef- 
fectively use in production. 

Thus, considerable contribution in mining science 
and techniques development, in our opinion, is de- 
velopment of mechanized complex “Western Don- 
bas”. This complex is based on the idea of using 
border part of hard and viscous coal seams in the 
case of base for installation of mechanized support 
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elements with advance cut. Such technical solution 
allows to mine the coal seams with unstable roof 
rocks (Kiyashko 1979). 


4 TECHNOLOGY OF SELECTIVE MINING 
WITH GOB BACKFILLING 


Today this idea can be used while selective mining 
thin and very thin coal seams with undercutting wall 
rock backfilling of mined-out area. The principle 
scheme of this technology is shown on Figure 5. 

The complex includes modernized shearer 
KA-200 which has double separate drums — lower 
and upper. Mechanized roof support in front side 
has prop device that install on leaving after longwall 
pass the rock or coal bench. Scraper conveyor trans- 
ports coal and rock to haulage drift. 

Coal extraction is carried out by one longwall 
pass. Furthermore, the advance lower drum cuts 
coal seam and loads it on conveyor, lagging upper 
drum is put forward on cutting web and extracts 
roof rocks then broken rocks are placed on the bot- 
tom of seam between stopping face and scraper 
conveyor. The roof support is moved (frontal or 
consistently) on new way after longwall pass and 
coal transportation by scraper conveyor. Shearer 
colter squeezes all broken rocks onto conveyor for 
their transportation to haulage entry. 

Using a method (Bondarenko et al. 2014) it is of- 
fered to leave the waste rocks from longwall face in 
mined-out area by vibration pan line installing under 
backside of mechanized roof support. As the filling 
work advances, the last pan disconnects and rolls 
over in vertical position. The vibratory pan line re- 
turns in horizontal position while support advancing 
on new way. The analysis of its methods influence 
on the surface subsidence is considered in work 
(Koshka et al. 2014) 


5 EVALUATION OF EFFICIENCY 
AND REASONABILITY THE 
NEW TECHNOLOGY USE 


Implementation of the new technology will allow to 
reduce the ash content of produced coal, cut down the 
cost on development, repair and protection of mine 
workings, decrease energy consumption on coal ex- 
traction, transportation and utilization of waste rocks. 

The questions of the new technology efficiency 
are considered for conditions of 1068 longwall Cio” 
seam of “Geriv Kosmosa” mine PJSC “DTEK Pav- 
logradvugillia”. Muining-geological and mining- 
technological characteristics of development condi- 
tions are shown in Table 1. 





Figure 5. The principle scheme of selective mining of thin and very thin coal seam with waste rock backfilling: 1 — shearer 
with advance cut; 2 — mechanized roof support with reverse console; 3 — vibration pane line. 


Table 1. Mining-geological and mining-technological characteristic 1068 longwall seam and 1068 haulage drift seam. 


Mining and geological characteristics 


Extracted seam thickness, m 1.05 
Geological seam thickness, m 0.82 
Angle of dip, deg 0-3 
Mining depth, m 370 
Category of immediate roof by stability Bi2 
Category of mine rocks by cavability Ap 
Maximum compressive resistance of coal 

seam, MPa 30 


Average maximum compressive resistance 
of mine rocks buried at distance 20 m away 
from heading cross-section in roof, MPa 15.8 
Average maximum compressive resistance 

of mine rocks buried at distance 5 m away 

from heading cross-section in floor, MPa 15.2 
Water inflow, m?/h 


6 REDUCING ASH CONTENT 


It follows from table | that the size of wall rock un- 
dercutting while geological thickness 0.82 m and ex- 
tracted 1.05 is equal 0.23 m. Therefore, the ash con- 
tent of produced coal from considered longwall face 
composes 45.8%. To reduce the ash content of coal 
to mother (4c = 18%) will allow the technology of 
selective mining with gob backfilling. According to 
geometrical parameters of longwall face and shearer 
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1.0-1.5 


Mining and technological characteristics 


Mining system Advance longwall 


Roof control Full collapse 
Longwall length, m 270 
Panel length, m 1748 
Shearer KA-200 
Scraper conveyor SP-251 
Mechanized roof support KD-90 
Form of cross-section of 
: i arch 
mine working 
Type of support SAYL-11.7 
Support installation pitch, m 0.8 


technological parameters, this volume of waste rocks 
will be enough for filling the mined-out area the 
width at least 65 m under longwall length 270 m or 
30% of gob space. Besides, reducing the ash content 
of produced coal allows to decrease the amount of 
waste rocks hoisting from the mine on the surface. 
As a result, it is save energy consumption, simplify 
underground transport and preserve the land areas 
taken for waste rock pilling. 


7 MINE WORKING PROTECTION 


The haulage drift of 1068 longwall is supported during 
all term of panel exploitation and reused. For its protec- 
tion are installed the wood chocks, organ timbers and 
yielding props in front and behind longwall. However, 
in spite of installation in mine opening with necessary 
calculated resistance and protected constructions the 
actual displacements of roof and floor are significantly 


exceed allowable sizes by technological requirements. 
Mine working is repeatedly driven and bottom ripping 
is carried out. Using the technique ARIMS (iInstruc- 
tion... 1986) we will carry out the exploitation condi- 
tion of section mine working under backfilling of 
mined-out area and wood chock protection for 1068 
haulage drift C9‘ seam of “Geroyev Kosmosa” mine. 
Basic data for calculation of expected rock displace- 
ments in reusing mine working are shown in Table 2. 


Table 2. Basic data for calculation of expected rock displacements. 


Parameters Value 
Coefficient taking into account the method of working driving (combine method) Crw 0.8 
Coefficient taking into account roof type k,; 0.8 
Coefficient taking into account influence the cross-section of mine opening Cs 1.1 
Coefficient characterizing the part of roof rock displacements in total rock shifts in mine workings, C,, 0.4 
Coefficient taking into account influence of protective construction Ceon 

— gob pack 0.8 
— wood chock 0.6 
Rock displacements under influence mine working driving Uz, 

— roof 490 
— floor 460 
Average rock displacement velocity out of zone longwall operations Vp 

— roof 16 
— floor 12 
Time of mine working supporting out of zone of longwall operation influence fo 10 mo. 
Rock displacement in zone of temporary bearing pressure of longwall face U; 

— roof 280 
— floor 210 
Settle down rock displacement velocity V; 

— roof 76 
— floor 71 
Time of mine working supporting in zone of residual bearing pressure ft; 1—15 mo. 


In our case mine working is fasten by SAYL sup- 
port — 11.7 for which the acceptable size of working 
reduction U,, is 890 mm. The calculated rock dis- 
placements of roof U, and floor U; of 1068 haulage 
drift Uy seam subject to support time and method 
of their protection are shown in diagram on Figure 6. 

According to given data it was found that under 
gob pack use the operational condition of mine work- 
ing is provided while all term of panel mining. How- 
ever, bottom ripping will be periodically need. The 
total sizes of roof and floor rock convergences under 
wood chock protection exceed accepted value U,, 
Therefore, the retimbering works of bottom ripping 
after first year of exploitation will need to carry out. 

Thereby, while using in case of protection con- 
struction of gob pack the roof rock displacement for 
term of panel mining will be 236 mm. Under wood 
chocks, this value will be 277 mm. The roof rock 
convergence under gob pack protection is lower on 
15% than wood chock. For floor rocks, the dis- 
placement will be 729 mm under gob pack protec- 
tion and 826 mm under wood chock protection. 


1000 
900 + 


Rock displacements, mm 
on 
3 





1 2 3 4 5 6 7 8 9 10 11 m 13 MW “1S 
Time supporting, months 


Figure 6. Diagram of roof and bottom calculated displace- 
ments of 1068 haulage drift Ci)‘ seam under different protec- 
tion during support time: === floor rock displacement 
under gob pack protection; === roof rock displacement 
under wood chock protection; ***&** roof rock displace- 
ment under wood chock protection; ****** roof rock dis- 
placement under gob pack protection. 


In this case, bottom heaving can be decreased on 
15% using gob packing for mine workings protec- 
tion by waste rocks from longwall face. Therefore, 
the technology of selective mining with gob back- 
filling allows not only solve the problem of pro- 
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duced coal quality but by the product of its wors- 
ening to create the condition for repair-free 
maintenance of mine workings. 


8 REDUCING ENERGY CONSUMPTION 


Another positive side of considered technology is 
energy consumption reduction on coal extraction 
due to change the form of longwall face from rec- 
tangular to heading-and-bench. Shearer with vertical 
axis rotation of drums is used for coal extraction. 
Lower advanced drum cuts coal and backward up- 
per drum cuts rocks in roof. Under such scheme of 
drums’ arrangement the heading-and-bench face is 
formed that used in case of floor for front roof sup- 
port hydraulic prop installation. Direct influence of 
mining pressure on support elements leads to cracks 
formation in created after longwall pass the bench 
of coal. As a result, it is reduced the energy con- 
sumption on coal extraction. 

These statements are confirmed by the results of 
underground investigations (Byzilo 2007). For exam- 
ple, on “Ternovska” mine PJSC “DTEK Pav- 
logradvugillia” was carried out investigation of energy 
consumption while coal extraction in longwalls with 
rectangular and head-and-bench forms of stopping 
faces. The researches were conducted while mining C; 
seam with hard and viscous coal. Applied shearers 
were the same type, operating tools of machines were 
drums with vertical axis of rotation but differences 
were only in the shapes of cutting tools. Extracted 
seam thickness C; in both faces was 1.05 m. Mining 
and geological characteristic did not change. 

Measurements of coal extraction energy con- 
sumption on both shearers were carried out by self- 
registering kilowatt meter H379 under different re- 
gimes of electric motor loadings. At the same time 
the shearer advance speed was varied while constant 
cutting web and cutting web while constant speed. 
The diagram of energy consumption and power con- 
sumption of shearer electric motors depending on 
advance speed is shown on Figure 7. 

The analysis of given dependences show that 
while increasing the shearer advance speed the spe- 
cific energy consumption of coal extraction is de- 
creasing. However, while shearer operation in head- 
ing-and-bench face this decreasing appears most in- 
tensively. In the range of advance speed of shearer 
KA-200 (with advance cut) from 0 to 2.76 m/min 
the energy consumption is changing from 42 to 98 
kW that is much less than nameplate capacity of 
shearer (R = 200kW). 

These investigations show that increasing cutting 
wed from 0 to 0.8m leads to increase the shearer 
consume power from 35 to 155 kWt and reduce ener- 
gy consumption of coal extraction up to 0.77 kWh/t. 
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Figure 7. Diagram of energy consumption while coal extrac- 
tion (1) and shearer power consumption (2) depending on ad- 
vance speed: —— KA-200; ——— KA-200 with advance cut. 


The specific energy consumption dependency 
while coal extraction and shearer consume power 
depending on cutting web while average advance 
speeds 2 m/min is shown on Figure 8. 





kW/h kW 
4.5 180 

- 3.75ł 150 

© 

Q c 

E 3.0ł £120 

2 JE 

8 5 

= 2.257 2 90 

D O 

D O 

C D 

ý 1.57 3 60 

= à 

a 

N 0.75 30 
0 0 


02 04 06 08 1.0 
Web width, m 


Figure 8. Characteristic of energy consumption: — power con- 
sumption; —— specific energy consumption per 1 t of coal. 


It is also found, that while shearer advance speed 
2 m/min and the same web width 0.5 m the specific 
energy consumption was 1.7 kWh/t, and experi- 
mental shearer was 0.78 kWh/t. That is less on 62% 
than while mining by serial shearer. 

Therefore, changing the rectangular form of face 
on heading-and-bench and creating the advance cut 
on seam thickness lead to shearer output rise at ex- 
pense of increasing advance speed and significantly 
reduction of energy consumption on hard and viscous 
coal extraction. 


9 CONCLUSIONS 


The rational use of available resources has especial 
importance. Thus, based on the developments of 
NMU it is possible to propose the technical solu- 
tions for mining thin and very thin coal seams di- 
rected on implementation in production non-waste 
and resource-saving technologies. The offered tech- 
nological scheme with waste rocks leaving in the 
mine will allow to solve the problem of coal quality, 
reduce the cost on extraction and transportation of 
waste rocks on the surface, improve the mine work- 
ing conditions, decrease the cost of their exploita- 
tion and reusing as well as decrease environmental 
impact in coal mining regions. 
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ABSTRACT: The geological and industrial characteristics and conditions of mining on iron-ore pits of 
Ukraine are presented. The prospects of improvement and parameters of overburden storing technology in 
accordance with the development of mining operations in outside dumps and gob areas are examined. The 
experience of gob area filling in iron-ore pits with increasing the depth of balance reserves mining is de- 
scribed. The economic and environmental efficiency of new technologies implementation are shown. 


1 INTRODUCTION 


Kryvorizhskyi iron-ore basin (Kryvbas) is one of the 
most studied and industrial development areas for 
the iron ore extraction within the province of the 
Ukrainian Craton. He is almost located within the 
Dnipropetrovsk region. Explored reserves of iron 
ore basin are 21.8 million tons. Predicted resources 
estimated at more than 19 million tons (Braun 1970, 
Afronin & Nesterov 1972). In metallogenic aspect 
Kryvbas included consistently in Kirovohrad metal- 
logenic subprovince. This pay streak of different 
metamorphic characteristics of Kryvyi Rih series 
run for 85 km with a width of 0.5 — 0.7 km. In struc- 
tural plane it is Saksahanska synclinal, complex 
folded structure. On its wings developed a short, 
often overturned on the east synclinal and anticlinal 
folds of the second and higher orders. Synclinal 
wings generally sink to the west, and the west wing 
sheared with fault. The structure of the synclinal is 
complicated by disjunctive faults and displace- 
ments. Kryvorizhska series with a total thickness up 
to 4700 m is divided into series of strata: Novo- 
kryvorizhska with a length — 1300 m; Skelevatska 
with a length — 300 m; Saksahanska with a length 
up to 1500 m and Hdantsivska — up to 1600 m. Pre- 
viously attributed to this series, the uppermost, also 
Gleievatsk series of strata with estimated thickness 
from 850 to 3500 m. 

Geographically, the most common productive is 
Saksahanska (average) series of strata, which a large 
industrial deposits of ferruginous quartzite and rich 
iron ore. It consists of seven series in the sequence 
of alternating horizons of ferruginous quartzite and 
shale. Their total thickness reaches 1500 meters. 
Ferruginous quartzite and rich ores are mostly tab 
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bedding place diposits, subconcordant, less colum- 
nar, nesting, and other forms. Their thickness varies 
from a few meters to 100 meters. Mostly horizons 
of ferruginous quartzite merge with each other or 
pinch out. In particular, in the core of Pervomaysk- 
Saksahanska synclinal (in the same ore field) merg- 
es at a depth into a single ore deposits with total 
thickness up to 260m, which gently sink to the 
north and generally confined to the nucleus Saksa- 
hanska synclinale. They stretch the length of 
110 km and developed to a depth of 2250 m. The 
depth of iron ore in Kryvbas basin together with the 
immersion of Saksahan synclinale make 3.5 km. 

The main types of iron ore in Kryvbas which de- 
velop open-pit-mining, are ferruginous quartzites 
(hornfels, jaspilites), non-oxidized, mostly magnet- 
ite with hematite and others. This is raw ore with an 
average content of Fe = 33.3 — 34.2 % to a depth of 
500 — 800 m. Reserves category A +B + C; + C 
make more than 13 million tones. Increase in re- 
serves of ferruginous quartzites is possible due to 
additional exploration flanks and deep horizons of 
the exploited, and new backup reconnoitered depos- 
its. Unoxidized quartzite deposits are localized 
mainly in the folded structures of horizontal strata 
of productive thickness 400 -— 1000 m (Inguletsk, 
Skelevatsk Magnetit, Novokryvorizhsk deposit et 
al.) in the zones of transverse strains thick widths of 
up to 1.600 m (Pervomaysk et al.), in the wings of 
folded structures, where the power of ferruginous 
quartzite varies from 30-400m (Valyavkinsk, 
Annovsk et al.). 

The chemical composition of iron ore is exposed on 
existing variations that determined by the content in the 
ore minerals and their specific proportions. Industrial 
ore types have the content (%) of the main chemical 


components: Si0,;=32-—50; TiO, = 0.03 —0.1; 
ALO; = 0.3 — 17; Fe,O3 = 3.9 —55; FeO = 0.5 — 30; 
Fotqi = 22 —41; Fe€mag = 9.8 — 36; MnO = 0.04 — 0.6; 
CaO = 0.1-— 12; MgO = 0.1 —6; Na,O = 0.2 — 1.2; 
K0 = 0.1 — 1.2; K,0 + Na,0 = 0.1 — 2.4; P0; = 
0.09 — 0.4; S= 0.01 — 0.3; CO, =0.1 — 16. 


2 MAIN PART 


Iron ore of Kryvyi Rih-Kremenchug zones are char- 
acterized with relatively small content of trace ele- 
ments. An exception is the germanium of Poltava 
ore mining and dressing plant. In some areas are 
high concentrations of Sc, V, U, Zr, TR, and the 
concentration of Au especially in rock refuse. 

From south to north in Kryvyi Rih iron ore basin 
located exploited and unexploited (UE) field (areas of 
the mine): Inguletske (1), Szymanowske (UE), Skele- 
vatske Magnetitove (2) Skelevatske, Valyavkinske, 
Novokryvorozhske (3) mines: Severna, Valyavko (4) 
Hihant Hlyboka (5), Zhovtneva, Kirova (6) Saksagan 
(UE), Rodina (7) Velyka Hlievatka (8), Zhovtneva 
(9), Bilshovyk (UE), mines: Frunze (10), Juvileyna 
(11), Lenina (12), Hvareyska (13), Ordzhonikidze, 
Pervomaiskyi Annovskyi pits (14) (Figure 1). 

















Figure 1. Scheme of ore enterprises location in Kryvyi Rih 
basin. 1 — 9 — operating ore enterprises. 


Along with the aforementioned deposits in the 
right-bank district of Kryvbas in the direction from 
south to north contains the following iron objects 
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(deposits fields): Petrovske, Zhovtorechenske, Za- 
hidne (UE), Artemivske, Popelnastivske (UE) and 
others that are located in the remnants thick of Ar- 
temivsk series of Ingulov-Inguletsk strata. In partic- 
ular, the Petrovske deposit contains new for Kryv- 
bas type of ore — rich metasomatic magnetite ore 
and contain large reserves of iron ore. 

In Kryvyi Rih basin ferruginous quartzites (un- 
oxidized and partially oxidized) mined by the open 
pit at 11 fields and processed in fiveore mining 
and dressing plant: Ingulets, Juzhnyi, Novokryv- 
orizhsk, Centralyi and Severnyi. Five fields are 
mined by underground methods, along with the 
rich ores. Reserves life of ferruginous quartzites of 
these enterprises ranges from 32 to 85 years. A 
significant part of the reserves, proven even in the 
years 1955 -— 1975, is located in the protective 
pillars, under the river Ingulets, urban develop- 
ment, mines and dumps of ore mining and dressing 
plant and located at depths down between 500 — 
800 m, where their production is difficult because 
of the complex geological conditions (Maleckyi et 
al. 1986, Technical and economic...2002). 

During ore mining and dressing plant operation 

wastes — overburden rocks and tailings — cannot be 
completely disposed of due to the large volume of 
their output. In this regard, such storage should be 
considered as man-made deposits suitable in fu- 
ture for re-development. At the same time the 
process of storage should provide measures for re- 
development, to prevent adverse effects on the envi- 
ronment, in particular, the exclusion of surfaces 
dusting and minimal surface disturbance. 
It should be noted that in the initial period of deep 
pits development almost the entire volume of over- 
burden rock are directed to external capping plat- 
eau-shaped rock-disposal dump and at least a gob 
release their part can be used for filling it. 

The main parameters of dumps are: the buttom 
area Sp (han), the amount of storing waste (mln m°), 
the side surface area S, (ha) and the specific landg 
So' (ha/mln m°), depending on the ratio of the length 
Lo (m) and short Bo (m) sides dump field on surface 
are determined by the expression: 


So =1.57 -10K (B, +2H,ctgo} , (1) 
W, =1.57-10°K Kp; + 
+ lB, + H Loctgo + 2H,?ctg?g) j (2) 
10 *H,,(5.14B, +2L, +7.14H,,ctgo) 
S, =... 7 > (3) 
SIND 


210° Ky (BH, Loctgo + 4H,?ctg] 


So ~~ 2 9 7 ’ (4) 
H, (B, + H Loctgeo +2H “ctg p| 


where H, — the high of the dump, m; Hp = hjln;; n; — 
number of dump layers; /; — the high of dump layer; 
Lo, Bo — long and short side of dump on top pit, m; 
g — stable slope of dump, degree: 


nihi 
nihjctgo1 + (n —1)wy 


(5) 


Q = arcctg 


where @,; —Stable slope of dump later, degree; 
w, — width between the layer, m; Kp; — fragmen- 
tation index; for hard rock K,y;=1.12—-1.2; for 
combined rock and heavy clay Ky; =1.05—1.12; 
for fragmentation and clay rock K ¢; =1.05—1.07. 


Increasing the height of rock dump in general 
improve the angle slope, capacity of assigned area 
and hence to reduce the total specific landgrab. 
Analysis of the external dumps parameters of 
Kryvyi Rih ore mining and dressing plant shows 
that the greatest landgrab are inherent to soft rock 
dumps at a height 35 — 40 m that make 6.4 — 7.15 
ha/mln m’. An increase Ho up to 100 — 120 m the 
magnitude S,' is reduced to 1.26 — 1.93 m/min m’. 
It is established (Figure 2) that increase in area of 
the rock dump base reduce a specific landgrab 
during rock storage. 
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Figure 2. Diagram of specific landgrab S" depending on the 
height Ho and rock dump base area So". 


Figure 2 show that during Sp increases from 100 to 
500 ha So! reduced in 15— 17%. Specific landgrab of 
soft rock dumps is high compared to hard rock in 11 — 

19% at the height of 40 m and in 5 — 6% at Ho — 80 m. 
With a further increase of S) 1800 — 2500 hectares the 
specific landgrab changes slightly. However, it should 
be noted that according to the stability conditions the 
height of soft rock dump usually does not exceed 40 — 
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60 meters, while the hard rock reaches 160 — 240 m. 
In this regard the specific landgrab during hard rock 
storing in comparison with soft rock in 3 — 3.5 times. 

During joint stored of different types of rock the 
dump base increases accordingly. However, because 
of the appearing is an opportunity to further storing 
of the rock (m°) in the recess between the adjacent 
slopes of different types of dumps: 


Wrs = Hctgg(L, 7 2H cig @) t (6) 


By increasing the overall height of the dump during 
the joint storage the dump capacity also increases: 


W, -= HK fo (Lo 7 H ctgg\B, 7 Hcg) : (7) 


Subsequent development of stored different types 
of rocks of technogenic deposits in order to use them 
as raw material is not significantly different from the 
separate development during open pit mining. A con- 
tacts adjacent rock at the joint storage has a regular 
geometric shape. They may be worked in any direc- 
tion. As a consequence, a rock loss after re- 
development is minimal. 

During separate storing of different types of rocks 
in separate rock dumps the landgrab area increased 
in 30—50%. However, if the separate storing is 
carried out on the existing rock dumps together 
there are no significant increase of the landgrab 
area. Moreover, during storing different rock types 
in dump the overall height of the rock dump can be 
increased in 20 — 30m. Consequently, the specific 
landgrab of such dumps is reduced. The cost of 
storage of overburden Z) (UAH) is generally deter- 
mined from the expression: 


Zo = 4o (C: + Ko ky Vlad + SoK; ) > (8) 


where C, — the cost of transportation of 1 ton of over- 
burden with pit rail transport, UAH; K,. — capital 
expenditures for the purchase of rolling stock and 
auxiliary equipment for operation of rail transport 
UAH; £, — normative coefficient of effectiveness; 
l „a— the average distance of transportation, km; K; — 
the cost of landgrab of 1 hectare, UAH. 

The determining factor in choosing the construction 
site of rock dumps are the distance of waste production 
transportation and the cost of compensation for land 
allotment. Expenses for waste rock transportation sur- 
pass by far for the land area disturbance. Consequently, 
in order to reduce the cost of waste production storing 
it is necessary to locate rock dumps and tailings dump 
as close to the open pit and ore mining and dressing 
plant. Also it is necessary to maximize their capacity. 

Commercial by-product should be stored sepa- 
rately in the temporarily abandoned horizons in the 
mined out space of open pit forming technogenic 
deposits (Figure 3). 





Figure 3. Scheme of technogenic deposits formation in the 
mined-out space of deep open pits (a) and during devel- 
opment (b): Ir—3r — the sequence of dumping during 
railway transport; la—4a— the sequence of dumping dur- 
ing automobile transport; 1'— 8' — stope dump below the 
earth's surface; 1"—7" — stope dump above the earth's 
surface; "", + +, v-v — type of rock. 


Thus, according to technology of mining devel- 
opment, the bottom side of mined out space carry 
out waste rock filling, in the upper part — non- 
metallic minerals. Depending on the volume of non- 
metallic mineral raw materials, start fill from the 
end of face, is stored on the side of foot wall and 
handing wall, waste rock — in the middle. 


The sequence of stope dumping it is necessary to 
made formation of linear contacts between hetero- 
geneous types of rocks, in other word on previously 
formed pit slopes. Otherwise, the border between 
them will be mixed (Figure 3 — hatched). Formation 
of the line of contact between the heterogeneous 
rocks at an angle close to the natural slope, allows 
during re-development reach minimal dilution. 

In order to reduce the land for overburden storing 
in mining enterprises the height of rock dumps 
make 300—500m or even more. The best results 
for rock dump filling and reduce the distance for 
overburden rocks transporting achieved through the 
organization of their formation one floor from the 
top working platform. However, to ensure sufficient 
stability of slopes and prevented the large-scale 
landslides in the body of high dumps stored distin- 
guished varieties of hard overburden rock. In the 
world practice there is enough experience in the 
construction of high dumps in mountainous terrain. 
When filling deep depleted iron-ore pits or individ- 
ual sections the positive results of the overburden 
rock storing in one tier achieved in Kryvbas. 

As we know the experience of deep Kryvbas pits 
characterized by great depth, high advancing intensity 
of front bench and dump placement at the top of 
heavy mining equipment for providing safety work 
and stability of internal dump in the bottom should be 
created additional efforts impeding shift. This condi- 
tion is ensured by focusing of the lower edge of the 
inner dump in the opposite side, or in a special prism 
as is shown in technological scheme (Figure 4). 

Depending on the angle of pit slopes schemes of 
its filling during different work intensity and width 
of the bottom are divided into one- and two-sided, 
transversal and longitudinal (Table 1). 
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Figure 4. Technological schemes of deep pits back filling 1-12: 


1, — the first stope during automobile transport; 
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Table 1. Pit slopes filling schemes during different work intensity and width of the bottom. 


The es 
No method Te or Sustaining of internal dump Gob parameters 
of filling & 
i e one-sided, opposite lgı — unlimited, during J 2 wo 
8 transversal side of pit ba S= Hy (ctg Wy — ctg B)+ br 
; es Resided: opposite Lx — unlimited, during J 2 wy 
8 transversal dumping bench Das 2(H i (ctg wọ — ctg B)+ b) 
g lg, — unlimited, during J 2 w 
3 gross Do S cutoff part of thrust prism a : 
transversa by, =x (ctg Wọ — ctg B)+ by +bp 
j a two-sided, central continuous thrust on the lg4 — unlimited, during J 2 wọ 
& transversal bottom of the pit prism Dogz 2(H z (ctg Wy — ctg B)+ br )+ bp 
5 Eo two-sided, central dispersed resistant lgs — unlimited, during J 2 wo 
& transversal prism at the bottom of the pit bis 2(H é (ctg Wy — ctg B)+ br )+ 2bp + bo 
gross, , parallel thrust prism filled from lge — unlimited, during J 2 wọ 
6,7 : combined 
selective the surface bee (2 H,ctg a-b, hyp ; 
one-sided, individual thrust prism for each oe 
8 gross fone tid nel Irol AiG face lg and bg — unlimited, during 6 = wo 
9 selective Ewe SiGe Opposing dumping bench lg and bẹ — unlimited, during O 2 w 
longitudinal k E i 
gross, one-sided, individual thrust prism for each ana ; > 
Y selective longitudinal layer of dump bench be and ge alae Cun a = 
TOSS one-sided avance 
fe eee T oval bench and individual 1, and by — unlimited, during Œy = Wy 
selective longitudinal . 
thrust prism of each layer 
gross, two-sided, . ; lk u bg | | unlimited 
fe selective longitudinal Opposing dumping pengh Ai U Wo 


In operated iron-ore pit in worked out or tempo- 
rarily mothballed parts may be selective overbur- 
den rock storing followed by the development and 
removal on the surface (schemes 7-10). The 
height of the internal dump layer A; (m) is regulat- 
ed with minimum distance transportation of over- 
burden with pit transport and can be varying from 
15 to 60 m and more. 

Thrust prisms at the base of the inner pit slope 
or dump tier are formed with bulldozed using 
waste rock delivered by road. Their width 5, (m) 
shall be equal to the width of the stope b, (m). 
Depending on the required volume resistant prism 
is formed of one or three or more layers of tightly 
adjacent to each other cone rock unloaded from 
dumping trucks. 

On the front of the construction of the prism 
should be hard to outpace the development of de- 
pleted open-pit bench. On the front of the slope 
construction the prism should outpace the develop- 
ment of depleted open-pit bench. 
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In Kryvyi Rih basin during filling the depleted 
open pit or some pit sections the overburden to the 
top-floor internal dump often is delivered by rail 
transport. Rock storing in the dump can be per- 
formed with bulldozer or shovel. To protect the 
surface of the dump his body should be laid only 
hard rocks without clay inclusions. Application of 
dragline for backfilling pits preferable as they 
slept stope width is in 3—5 times more than in 
excavators. Greater step refolding railways and 
removing them from the top edge of the dump 
allow make the internal dump with dragline more 
economically and safely. As an example, the crea- 
tion of internal dump during the development of steep 
deposits revealing experience backfill career in ore 
mining and dressing plant No 1, where according to 
the recommendations of Dnipropetrovsk mining insti- 
tute (Authors’ license No 825771) since February 
1979 the backfill of southeastern region carried by 
excavators EKG-6.3us, working in conjunction with 
the rail transport on the horizon +66 m (Figure 5). 





Figure 5. The gob backfilling in ore mining and dress plant No 1 using hard rocks of overburden: (a) — 1979; (b) — 1983. 


In the initial period the height of pit was 174 m and 
at the end of 1983 after filling of lower bench already 
reached 100—110m. The stability of the excavator 
dump layer provides with device at its bottom where 
overburden delivered from the northern end of the pit 
No 1 with automobile transport. Then, delivery of 
rocks carried with trucks from the pit No 2-bis, and 
laying it in the depleted layer — using excavator with 
an extended working equipment EKG-4u. 

Before entering of excavator layer dump in oper- 
ation at the bottom of the waste land of pit using 
dump trucks BelAZ-548 and bulldozers D-385a for 
2.6 months was formed the inner dump with the 
height of 23 m and the volume of 217 thousand m’ 
of overburden rock. 
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Then, excavating layer advance along the gob 
makes 0.16 m/day. Placement of overburden rock 
at the bottom of the pit has reduced the distance 
transportation in the internal dump rock on 0.9 km 
as compared to their delivery to the transshipment 
point, and when transportation in the outside dump 
with rail transport on 12 km. In addition, the over- 
load of overburden has been eliminated. 

The observations show that during hard rock using 
excavator the height of dump layer decreases and 
hence reduces the width of possible landfall-prism, 
which allows the dump to increase the width of the 
stope. As a result of the described technology in gob 
are of the pit No 1 till 1996 was laid about 20 mil- 
lion m’? of hard overburden rocks. It allowed reducing 
the amount of disturbed land area (44 hectares) and 


with the end of inside dump storing to return urban 
affairs about 17 hectares of remediated site. During 
mining lowering of pit in ore mining and dress plant 
to maintain its production capacity required to sys- 
tematically advance of northern edge. However, plac- 
ing within it spent Skelevatskoho pit hindered the 
normal development of the above-lying horizons and 
laying them on the train tracks road haulage. In this 


regard by employees were asked to place the railroad 
workers’ horizons rebuilt on the northern side of the 
berm Skelevatskoho pit with the formation of the 
transport platforms from the overburden delivered to 
his temporary filling (Authors’ license No 825771, 
Authors’ license No 1121434). At the same time 
simplified the development of bridges between the 
pits (Figure 6). 





Figure 6. Temporary storage of oxidized quartzite from a pit of ore mining and dressing plant in mined-out space of 


Skelevatskoho pit (1981). 


The depth of gob varied from 60 to 110m. The 
length of the dump front makes 250 — 300 m. The 
bottom width of the Skelevatskoho pit was small, 
and when filling the slope of the internal dump rest- 
ed on the opposite side, which increases the re- 
sistance of storing rocks. On some areas the over- 
burden rocks was stored on an inclined or horizontal 
base without stop. In order to increase their stability 
should be made additional surcharge. For this pur- 
pose storing of overburden rocks was carried out 
with the front counter of the opposite side of the pit, 
which contributed to the stability of the inner dump. 

The rock was delivered by rail transport and fit 
into dump using excavator ECG-8y. The width of 
the stope make 16 m. Annually in the dump was laid 
800 thousand m° of rock. By reducing the operating 
costs for the transportation of railway transport on 
11.8 km and reduce track packing work it has been a 
significant economic effect. The practice of open pit 
mining shows that extraction of steep deposits of 
long length most intensively conducted in areas with 
a maximum thickness of seams minerals, which are 
characterized by minimal stripping ratio, the consid- 
erable size of the working area and the project depth 
of the main pit. Areas of pit deposits with less seams 
thickness of minerals have higher stripping ratio. 
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In order to reduce the total volume of overbur- 
den excavation is seeking to increase the speed of 
mining operations in the horizontal direction 
along the strike of the deposit at a low intensity of 
push-back in pit. 

The great length of pit fields allows to apply for 
rock mass transportation highly economical rail 
transport. Locate of train tracks at both front sides of 
the pit it is possible to ensure the supply of trains at 
relatively greater depth in the deepening area. Open- 
ing bench of first and second stages produce from the 
deepening area (Authors’ license No 1330313, Patent 
No 1836561, Patent No 8679). Temporary internal 
dump is formed on the base of bench average queue 
on distance no less than /,;(m) from the project 
boundary which is determined by the formula: 


L,ya=h a + ea + 2./h,w,ctgQz +w,, (9) 
b 


where /» — the height of the bench of the second 
stage, m; w,, — the width of the work area, m; 
h, — the bench height, m; aeb, 9, — angle of bench 
slopes and internal dump; A, — the height of the 
primary internal dump, m; w, — the width of safety 
area between the lower curve of the primary bench 
and the sole medium of the pit field, m. 


For example, in Poltavskyi ore mining and dress- 
ing found that the average height of the line is 170 — 
180 m. Mining were achieved without increasing 
the depth at the back for directions recommend 
measures to limit border at the end of pit fields 
(Figure 7). Then, mining of the middle part was 
planned to a depth of 320 m. 


In the temporary inner dump was laid 60 mil- 
lion m? of overburden. The annual volume of inside 
dump was 4 — 5 million m°. The use of internal stor- 
ing allowed to reduce transportation distance of 
overburden with automobile transport on 1.2 -— 
2.5 km, rail transport — 5 km. Saved from external 
disturbances dumps 6 hectares of arable land. 





Figure 7. The system of pit development in Poltavskyi ore mining and dressing plant with temporary storing of 


overburden rock. 


Filling of depleted pits or areas is a major event, 
not only promotes the rational use of land resources 
during mining operations, but also significantly 
reduce the cost of mining. Placement of overburden 
rock in the gob area of deep pits minimizes the 
distance of transportation and protects the land area 
of the external disturbances dumps. Therefore, 
during deposits or pit fields operating the signifi- 
cant size should provide the first stage of a pit, 
work to limit of their contours, and then lead to the 
subsequent development with storing of overburden 
rocks in gob area. 

So, overburden rocks from the pit No 2-bis of Ltd. 
“ArselorMittal Kryvyi Rih” are delivered by trucks 
with carrying capacity of 120t and stored in a gob 
area in pit No 1 using EKG-4U. The depth of pit is 
300 m. The amount of gob makes 74.4 million m’. Its 
northern border is adjacent to the previously paved 
and remediated Burschytskomu dump. The size of 
pieces about 400 mm makes 40%. 

According to the technical solution (Patent 
No 56822A) in the final stage of each dump stope 
dumping excavating state from one place along an arc 
with a maximum radius of discharge at the top thereof 
warehoused lump rock, which by its own weight slides 
down. From the collapsed rock mass is formed re- 
sistant prism at the bottom dump stope slope with an 
angle of less natural. To improve the stability of stope 
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dump moving depleted front works are around the 
board spent a pit or a portion thereof with the transition 
of each of the current stope to the previous. 

Dumping of slope sites were with the length of 
200 — 300m. During the formation of dangerous 
displacement of rock dumping operation on the job 
site was discontinued and transferred to the adja- 
cent. After stabilization of overburden within 2 — 3 
months the work on the idle site was resumed. 
Common front of dumping works should be divided 
into 3—5 sections. Monitoring of subsidence of 
overburden surveying measurements carried out 
continuously during the entire period of work. 

It should be noted that the dumps in the complex 
of “AMKR” will soon be filled, and even now are 
seek opportunities to compensate for their disposal 
containers. Therefore, for intensification of filling 
in pit No 1 in 2006 commissioned dragline excava- 
tors ESH-6/45 with the annual output of 1.17 mil- 
lion m° (Patent No 28816) (Figure 8, 9) provides 
accommodation for the total volume of overburden 
rock in pit No 2-bis to its full mining. At the same 
time after dump advance in the pit front No 1 on 
60 — 80 m from the original position, there is the 
possibility of organizing its square further to 2 — 3 
dump lines and increase their level from top previ- 
ously slept Burschytskym dump. 
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Figure 8. General view of the joint work of excavators ESH-6/45 and EKG-4U during formation of the basic layer of 
internal waste dump in career No 1: (a) cross section I-I; (b) cross section I-II. 





Figure 9. Storing of overburden in the depleted open pit No 1 with using EKG-4U and ES-6/60. 


For safe operation of the excavator EKG-4U at 
main layer dumping using dragline ES-6/45 is 
formed stable stope with the width of 14 m using 
crushed overburden rock from central terminal of pit 
No 2-bis. They are delivered by railway trains. 
ES-6/45 is located on the distance — 30 meters from 
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the axis of the rail track. The direction of its ad- 
vance guided enclosing the shaft, which is built up 
by moving the excavator in the direction dumping 
and removed from the opposite side. Axis motion 
dragline is 29.4 m from the boundary of subsidence 
and collapse of dumped stope. 


3. CONCLUSIONS 


At a distance not less than 250 m from the dragline 
excavator moves EKG-4U and backfilled stope 
width of dumping of 10 — 12 m. It 1s positioning on 
the consolidated massif of dumping excavator stope 
EL 6/45. Possible border of rock subsidence and 
collapse in stope removed from the axis of ECG-4U 
motion 8— 9m. Dumping stope formed the bulk of 
5— 6m above the working platform ECG-4U. This 
rocks is used subsequently to repair and seal cracks 
and subsidence in the bulk rock at its consolidation. 

Hard rock for EKG-4U is delivered by trucks 
from the pit No 2-bis. The site of unloading is on 
the level of the working platform ESH-6/45, with 
safety shafts up to 2m from the gob and the rail- 
way. When depleted front advance shafts are in- 
creased by dragline ESH-6/45. The width of the 
discharge area is 43 m, height up to 12m. Rock 
faces into a hopper for EKG-4U bulldozer. The total 
width of the dump stope that form together excava- 
tors ESH-6/45 and EKG-4U, is 25 m. The length of 
the front of their work is 1.75 km. 

Start-up operation of dump for large-scale storage 
of overburden and oxidized quartzite in the deplated 
pit No 1 and the adjacent surface to the top of the 
closure with the previously paved Burschytskym 
damp allows to solve the problem in the long term 
stacking when working pit No 2-bis and No 3 for a 
considerable period. This primarily relates to the use 
of land allotment for storage overburden and oxi- 
dized quartzite instead of new areas of alienation 
from land users. 


503 


REFERENCES 


Afronin, V.H. & Nesterov, P.H. 1972. Mining of Ukraine 
in 197] — 1975 years. K: Technika: 148. 

Authors’ license No 1040152 USSR, IPC E21 C41/00. A 
method of pit recultivation by inner level. Dryzhenko, A., 
Shebko, V., Kuc, V. et al. Pub. 7.09.83, Bul. No 33. 

Authors’ license No 1121434 USSR. IPC E21 C41/00. The 
method of steep deposits development. Dryzhenko, A., 
Shebko, V., Kuc, V. et al. Pub. 30.10.84, Bul. No 30. 

Authors’ license No 1330313 USSR. IPC E21 C41/02. The 
method of dip pit recultivation. Dryzhenko, A., Charpko, 
N., Hardash, N. et al. Pub. 28.10.87, Bul. No 30. 

Authors’ license No 825771 USSR. IPC E21 C41/00. A 
method of pit recultivation from the inner rampart-ledge, 
including its dumping. Dryzhenko, A., Prosandeev, N., 
Martynenko, V. et al. Pub. 30.04.81, Bul. No 16. 

Braun, H.A. 1970. Iron-steel Base. M: Nedra: 312. 

Maleckyi, N.A., Kabanov, A.V., Baryshpolec, V.T. 1986. 
Integrated use of mineral resources for the enrichment 
of ferrous metals. M: Nedra: 192. 

Patent No 1836561 RU. IPC E21 C41/26. The method of 
steep deposits development. Dryzhenko, A., Martynen- 
ko, V., Badahov, V. et al. Pub. 23.08.93, Bul. No 31. 

Patent No 28816, UA, IPC E21 C41/32. The method of 
recultivation of depleted dip pit. Dryzhenko, A., Drobin, H., 
Hrycyna, O. et al. Pub. 25.12.07, Bul. No 21. 

Patent No 56822A, UA. IPC EC21 C41/32. The method of 
recultivation of depleted dip pit. Dryzhenko, A., Sy- 
monenko, A., Sokurenko et al. Pub. 25.12.07, Bul. No 2. 

Patent No 8679, UA. IPC E21 C41/00. The method of open 
pit development. Dryzhenko, A., Trubitsyn, M., She- 
beko, V., et al. Pub. 30.09.96, Bul. No 3. 

Technical and economic indicators of mining enterprises 
for 1990 — 2001. 2002. Ekaterenburg: 379. 


This page intentionally left blank 


Theoretical and Practical Solutions of Mineral Resources Mining — Pivnyak, Bondarenko & Kovalevska (eds) 
© 2015 Taylor & Francis Group, London, ISBN: 978-1-138-02883-8 


On the problem of operation schedule reliability 
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ABSTRACT: This article represents the idea of determining technological reliability of a mine. It include 
economic criterion to evaluate reliability of operation schedules of mines, which depend on management 
methods of reliability of certain mine subsystems. Principle one means use of improved that is more capital 
intensive mining equipment, transport systems etc. Principle two is component redundancy. 


| THE PROBLEM DEFINITION 


Increase of coal share in the structure of energy 
resources is the world tendency. Currently coal 
satisfies as much as 25% of the world’s need for 
energy resources. Before 2030 coal share in power 
production will increase up to 45%. Our country is 
no exception in terms of coal production. Even after 
the process of all non-profitable and ruined mines 
closure due to military operations, in the near future 
coal will stay the key energy resource in Ukraine. 
The main reason is instability of gas deliveries from 
the Russian Federation which dictates the necessity 
to oust gas from each segment of power industry 
and household. Moreover, instability in Eastern 
regions affects adversely the plans for shale gas 
production relegating to the background opportunity 
to produce great quantity of the fuel. That is why 
use of national coal as fuel for power stations is the 
most rational idea to cut demands for gas from the 
Russian Federation in the Ukrainian market (Offi- 
cial site of Ministry...). 


2 FORMULATION OF THE PAPER OBJECTIVE 


The objective of the paper is to generalize and de- 
velop scientific and methodological background, to 
develop tools and practical recommendations as for 
regulation of streams of governmental support for 
unprofitable enterprises; it aims at improving poten- 
tial of specific coal-mining region. 


3. STATEMENT OF BASIC MATERIAL 


Today control of operational reliability of mines 
from the viewpoint of investment addressness in 
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terms of certain segments restraining productivity 
enhancement is one of the basic problems of coal 
industry. Generally, to determine a level of techno- 
logical reliability it is required to consider capacity 
of basic segments of a mine: mining operations, 
underground transport, hoisting, ventilation, and 
technological complex of surface. Each production 
unit of a mine is evaluated in terms of potential of 
equipment or structure of construction. First of all, it 
concerns mine working or interaction of the two 
components (for example, main ventilation fans 
power and section of mine workings as well as their 
aerodynamic resistance). At first thought it seems 
expedient to assume ratio between actual mining (that 
is actual loading level of specific production segment 
or process) and its potential or capacity. However, 
such a factor will characterize actual use of capacities 
rather than them. Strictly speaking it is of subjective 
nature. Moreover, a coefficient determined in such a 
manner will give distorted information from the 
viewpoint of a mine future (Pivnyak et al. 2004). 

One example can illustrate that. Suppose that a 
mine having 2000 t/day capacity of underground 
transport mines 1000 tons in fact. In the context of 
the approach, coefficient of its technological relia- 
bility is 0.5. Such a value means that it is required to 
modernize underground transport to improve coeffi- 
cient of reliability. However, improvement of the 
mine performance (that is use of subjective factors) 
is required rather than its modernization. 

Potential of a mine is maximum capacity of basic 
subsystems of operation schedule. For example, 
preliminary work as a component of the segment is 
not limiting factor as in terms of actually perspec- 
tive (even high) load on stopes it is always possible 
to provide required paces to construct mine work- 
ings being adjacent to a longwall. It also concerns 
all other mine workings. Ventilation is general mine 


limiting factor despite it is not a component of direct 
production process. Main ventilation device is its 
mobile component which can be reshaped with rela- 
tive ease. However, mine workings are much more 
inert. Increase in a mine service life results in their 
extension; thus, potential capacity in terms of venti- 
lation factor reduces. 

Abovementioned make it possible to propose fol- 
lowing idea to determine technological reliability of 
a mine. Sequence of such basic production process- 
es is considered: mining; transport from a longwall 
to main mine working or block one; transport within 
the mine working (inclined drift, slope, mother en- 
try); within mine workings which transport coal to 
main haulage roads (drifts); transport within main 
haulage roads (common drifts, main drifts, and pan- 
el ones), vertical or inclined haulage, surface coal 
technological chain including loading facilities. 
Each component’s capacity should be determined. 
Moreover, capacity of a mine as for ventilation fac- 
tor is also identified. In this context, capacity is 
determined in such a way to meet the demands of 
current standards or those reserves taken depending 
upon other thoughts. Maximum capacity within con- 
sidered sequence and ventilation is taken as a unit. 
Ratio between capacity of any other process and max- 
imum value taken as described is a coefficient of 
technological reliability of the production process. 

Processes aimed at the system maintaining also 
effect technological reliability of a mine and a level 
of the whole operation schedule passport. However, 
the effect is not manifested as directly as in compar- 
ison with basic production processes. In addition, 
one more important reason is available: processes to 
maintain the system are less inertial to compare with 
basic production processes; they need not so much 
expenses and time. 

Effect of segments (subsystems) on technological 
reliability may be multidirectional. Some of them 
(for example, degassing, air cooling, mine working 
maintenance, support transport etc.) may effect 
extent of production if they are of poor capacity (to 
be more exact, if they are not maintained properly). 
If possibilities of the processes are higher to com- 
pare with possibilities of basic processes (for exam- 
ple, when substantial decrease of mining takes 
place) the reserves will hardly be used: nobody will 
increase capacity of conveyor transport if discharge 
pumps are underutilized. State of certain processes 
(maintenance of mine workings, repair of equipment 
and electrical facilities) depends on organizational 
factors rather than technological ones. 

There are several cases when factors of system 
maintenance may exercise important effect on tech- 
nological availability of a mine. As an example 
indicate a case of extremely unstable rocks includ- 
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ing severe rock heaving which may involve specific 
expensive and labour-intensive timbering as well as 
intensive activities connected with maintenance of 
mine workings. In this respect, settle upon a process 
of development workings construction. Rather often 
they are the factor limiting mining in operative 
mines. However, they are not generally supported by 
objective reasons. In practice such a situation results 
from bad mine management. In the context of Don- 
bas very unstable rocks are few exceptions. Different 
from basic processes, effect of processes of system 
maintenance on technological reliability of a mine 
involves specific techniques to evaluate the effect. 

Level of specific operation schedule passport 
(Pivnyak et al. 2004) compared with a standard may 
become economic criterion to evaluate reliability of 
operation schedules of mines. Study of operation 
schedule target function extremum is possible when 
adequate management of reliability of certain mine 
subsystems is available. Two basic of them have 
been used in the study. Principle one: modernization 
means use of improved that is more capital intensive 
mining equipment, transport systems etc. Principle 
two is component redundancy. Their application 
needs more single expenditures at different stages of 
a mine life cycle. That very time they are connected 
with increase (to compare with base variation) in 
initial investment. If redundancy takes place within 
operating level, expenditures connected with 
planned operational measures aimed at maintenance 
of basic segments of operation schedules experience 
their increase. Thus, in the process of mine opera- 
tion schedule control in terms of certain level work- 
ing period, “investment-reliability” dependence S(P) 
is increasing function. That is: 


Eo. (1) 


d(P) 





Specific value of one of dS;(P) components — 
semi-variable costs — does not depend on accepted 
technique to control reliability, and specific value of 
semi-fixed operating expenditures component de- 
creases with reliability growth. In other words, both 
absolute value of 3 component (losses for devia- 
tion of actual reliability level of operation schedule 
from ideal one) as well as its specific value is de- 
creasing function. 

Thus, efficiency criterion of operation schedule of 
a mine is additive function of specified values; that 
is it has its extremum for minimization. As a result 
of reliability control in terms of certain components 
of operation schedule of a mine, extra investment 
aimed to improve basic reliability level are distrib- 
uted among components and segments of operation 
schedule. As a consequence of this equipment mod- 


ernization or redundancy improvement increase 
passport level of operation schedule of a mine and 
preferences are determined as for the enterprise 
capacity financing depending upon demand for end 
coal products. Many studies have proved (Salli et al. 
1994, Bondarenko et al. 2012, Lapko et al. 2014, 
Bondarenko et al. 2012, Sally et al. 2014) that low 
capacity of technological segments is the key prob- 
lem of the majority of mines with long-life perfor- 
mance. That is also true for limited possibilities in 
the context of “mining operations” factor. Moreo- 
ver, it generally depends on decentralization of op- 
erations and availability of several stopes with rela- 
tively low (less than 700 tons) daily output within 
mine field. Such a situation is absolutely rejectable 
as support for capacity of promising mines depends 
on substantial investment of each technological 
segment just to reconstruct mining line. In the con- 
text of limitations in the context of the state and 
industry that will result in further worsening of eco- 
nomic conditions of a group of promising mines. 
Thus, longwalls and adjacent segments need prima- 
ry investment with similar scheduling for mining 
under the terms and conditions of maximum con- 
centration of mining operations. 

Reliability which means efficiency of working ar- 
ea depends on technological segments connected 
with it as their downtime or low capacity limits 
efficiency of the working area. When seam mining 
with enclosing roof and floor undercut is applied 
operation schedule of a mine as complex system is 
characterized by a number of interacting compo- 
nents and multistage structure to be the main reason 
of deconcentration of mining operations and rock 
mass quality degradation. As a rule, reliability anal- 
ysis of such schedules involves application of relia- 
bility logistic scheme. In this context operation 
schedule of a mine is a system of elements in series- 
in parallel in terms of reliability. It depends on event 
probability — trouble-free performance of each com- 
ponent of the system. Such an approach makes it 
possible to identify optimum reliability values of 
components and segments as well as the whole op- 
eration schedule of a mine. The values ensure single 
expenditures involving possible loss resulting from 
deviation of actual reliability level from ideal one 
when certain site of a mine field (panel, block) is 
under operation. 

Algorithm of stepped development of reasonable 
analysis scheme is shown on Figure 1 (Wagner 
1973, Sotskov & Gusev 2014). Qualitative reliabil- 
ity in the form of failure-free operation probability 
in terms of specified period (shift, day) is deter- 
mined for each i" component of operation schedule. 
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Figure 1. Development plan for “Fominski” hg seam of 
“Progress” mine: | —3 —longwalls; 4—8 — site mine work- 
ings; 9, 10 — permanent mine workings; 11, 12 — shafts. 


Optimum values of reliability factor ensuring 
minimum expenditures connected with mining in- 
volving possible loss due to reliability level devia- 
tion in terms of seam mining according to actual 
data on reliability of components and “investment- 
reliability” dependences use above procedural prin- 
ciples. Money resources to support capacity of 
mines are distributed among components of opera- 
tion procedure in such a way to make its general 
reliability maximum. Notion “resource” means 
increase in expenditures connected with innovative 
activity that 1s facilities for stopes, construction 
and maintenance of mine workings as a result of 
reliability improvement, process-oriented differen- 
tiation, and new equipment instead of old as well 
as transition to higher organizational and technical 
production level. 

Each operation schedule of a mine (Figure 1) 
consists of m levels and classes within which r of 
operational components are available. For each i" 
component of opening and development plan, relia- 
bility qualitative characteristics (P;;) as well as cost 
“investment-reliability” functions in terms of all 
processes and activity types have been preset. 
Moreover, tolerance zone for functional and de- 
pendence of a mine operation schedule functioning 
reliability on reliability qualitative characteristics of 
components of technological elements and segments 
are known. The key idea of the technique is as fol- 
lows. Extra investment to improve basic, actual 
reliability level of operational schedule for opening 
and development are divided into M in the form of 
discrete set. 

Following step is to identify that segment of op- 
eration schedule which investing in the form of 
extra capital costs AK will result in maximum (in 
terms of the step) reliability improvement of the 
whole performance. In this context, components of 


the segment experience their increase; reliability 
characteristics of technological components of other 
classes of the structure are unchanged. Reasonable 
distribution of limited extra capital investment 
among components and segments of operation 
schedule of a mine is performed with the help of 
discrete programming methods and ideas of relaxa- 
tion search (Wagner 1973). 

Thus, currently national budget still regulates po- 
tential of mines. That is why they underachieve due 
to lack of drastic changes in a system of target in- 
vestment in certain segments. Therefore, a technique 
to control reliability of operation schedules of a mine 
is proposed. Together with adequate index of re- 
source potential application it will favour loss ratio 
lowering from the viewpoint of investment support. 


4 CONCLUSIONS 


1. A mine has five basic technological segments. 
One of them is of maximum capacity, and another 
one is of minimum. Ratio between minimum ca- 
pacity and maximum one is technological reliability 
coefficient. At every instant the coefficient has uni- 
versal deterministic value which depends upon 
technical state of a mine and characterizes the state: 
minimum value determines actual possibilities of 
the mine; maximum value determines it’s potential. 
The fewer coefficient of technological reliability is 
the greater is gap between chief segments. Thus, 
implementation of potential of a mine becomes 
more difficult. 

2. Labour capability of a mine depends on relia- 
bility of components involving value of reserves and 
their amount. Moreover, the fewer reserves are the 
tougher should be policy in the context of keeping 
achieved extent of mining at the expense of concen- 
tration of production. In this statement, optimality 
criterion is a value which extremum reflects bound- 
ary (in terms of specified limitations) possibility to 
mine reserves with cost minimization up to border 
breakeven result. 

3. The greatest reserves for productivity en- 
hancement of mines (together with their resource 
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potential management) is in focused control of op- 
erational reliability of certain technological seg- 
ments to increase extent of production through de- 
crease in breakdown of machines and mechanisms 
as well as implementation of target investment sys- 
tem for components basing upon “Investment- 
reliability” approach. 
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Elements of the technology of storage gases 


in the gas hydrate form 


L. Pedchenko & M. Pedchenko 


Poltava National Technical University named after Yu. Kondratuk, Poltava, Ukraine 


ABSTRACT: The technology of production of the gas hydrates, suitable for the non-equilibrium conditions 
for storage, is developed and tested. Large blocks are formed from pre-cooled mixture of crushed and the 
granulated mass of gas hydrate. Technology preservation of gas hydrate blocks by the layer of ice at atmos- 
pheric pressure is designed to improve their stability (two repeats application of water and its crystallization 
basically at the expense of the energy of the gas hydrates). Formed in such a way the blocks of gas hydrate 
are suitable for long-term storage and transportation without additional cooling in converted vehicles (tank- 
ers, barges, cars). Gas hydrate can be stored in improved the terrestrial inflatable structures. 


1 INTRODUCTION 


The reserves of natural gas is rapidly exhausted. Near- 
ly 80% of deposits opened into category small and 
medium-sized distant. However, much of it is not be- 
ing developed, as traditional transportation technolo- 
gies are often ineffective. At present gas is transported 
mainly with pipelines or LNG-tankers and storage — in 
underground storage. However, in recent years, tech- 
nology based on the ability of gas molecules and water 
form gas hydrates, is actively developed. In the com- 
position of gas hydrate considerable volumes of gas 
can long be stored at atmospheric pressure and a slight 
negative temperature. This technology has undeniable 
prospects for implementation in the near future, but 
needs improvement and testing of its elements. 

At present several concepts the transportation of 
gas in hydrate form are considered. The technology 
for the transportation of non-equilibrium conditions 
(small negative temperature and atmospheric pres- 
sure) 1s the most attractive. It needs the production 
of gas hydrates in the most stable form under these 
conditions. At present granules of the gas hydrate is 
proposed transport today (Gudmundsson 1996). 

However, over time freezing granular hydrates, 
complicating unloading (Dawe et al. 2003). Also 
granulated hydrates only 78% fills the volume vehi- 
cles or storage (Gudmundsson & Graff 2003). Be- 
sides, much of the total surface area of the granules 
and system of open channels between channels 
granules stimulates the process of volumetric disso- 
ciation of the gas hydrate mass. Keeping them stable 
at atmospheric pressure needs additional costs for 
cooling to temperatures below a 258 K. Monolithic 
blocks of large size are a good option. However, to- 
day the industrial technology of production does not 
exist (Yakushev et al. 2008). 
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2 MAIN PART OF THE ARTICLE 


Due to thermal properties and features process of 
transportation and storage, gas hydrates is proposed 
to produce in the form of gas hydrate of blocks 
maximum cooled large, preserved with the layer of 
ice and refrigerated in the production process to the 
desired level. 

This technology provides intensive production syn- 
thetic gas hydrates. Moreover it must have a maxi- 
mum gas content (up to 160 m?/m°). According to the 
research the formation of hydrates proposed to per- 
form in the contact devices on the basis of jet devices 
(ejectors with elongated mixing chamber or jet devic- 
es with free stream). Their application allows increas- 
ing efficiency and simplifies the process of techno- 
logical design of technology (Pedchenko & Pedchen- 
ko 2014). Possibility of organization of continuous 
production of gas hydrates when using the jet devices 
as contact devices also substantiated and confirmed 
experimentally (Figure 1). 

In addition, the problem of section of water in the 
process of separation from the produced hydrates of 
free water (captured between the crystals and the film) 
was recorded during the research. Therefore, after the 
separation the gas hydrates requires draining by trans- 
ferring of the balance of free water into the composi- 
tion of gas hydrates (with stirring the mixture is blown 
cooled gas). Blocks will be formed from the previous- 
ly cooled mixture of crushed and granulated hydrates 
of minimum porosity in the respective proportion. 
This solution allows to obtain blocks of uniform densi- 
ty and waive the need them cooled (Figure 2). 

The manifestation of creep deformation is ob- 
served at the study of process of formation of the 
gas hydrate mass (Figure 3). Its consideration will 
allow reduce on the order the pressure of formation, 


and hence the energy consumption for this opera- 
tion. For example, with the continuation of the time 
of exposure of efforts to 8 minutes, the pressure re- 
quired to formation of the hydrates to established 
porosity (0.08 — 0.1), reduced from 57 MPa (form- 
ing with blow) to 2.7 MPa. 





Figure 1. The laboratory unit for continuous production of 
gas hydrates: (a) photos; (b) scheme; 1 — reactor; 2 — tem- 
perature sensors; 3, 5, 13 — observation windows; 4 — inkjet 
apparatus; 6 — branch pipe; 7 — LEDs; 8 — bubbler; 9 — hinge; 
10 — rod; 11 — plunger with filter; 12 — separator; 14, 18 — 
exchanger; 15 — gas bottle; 16 — refrigerator; 17 — pump; 
19 — mixer; 20 —valve; flows: I, IV — water; II — gas; 
III — mixture of hydrate and water. 





Figure 2. Transverse section of the gas hydrate block after 
the formation. 
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Figure 3. The dependence of the pressure necessary for the 
formation of gas hydrate mass on exposure time of the effort. 


The next mechanism of the creep of deformation of 
gas hydrate mass offered: the compressing load — the 
destruction of the crystal lattice of gas hydrates and 
ice — conversion of mechanical energy into heat — 
partial dissociation of gas hydrates (with the release 
of gas and free water including supercooled and ab- 
sorption of energy at dissociation) — formation by the 
gas and water of the gas hydrate masses in other 
pores and heat release. The processes take place at the 
same time and preferably in the areas of contact struc- 
tural units. The processes of dissociation and destruc- 
tion of crystals dominate at a temperature higher than 
point of water of the crystallization and atmospheric 
pressure. The processes recrystallization dominate at 
low temperatures: reformation of the gas hydrates 
with the dissociation products and crystallization of 
supercooled water. 

In non-equilibrium conditions manifestation of the 
effect preservation slows the dissociation of gas hy- 
drates (Yakushev & Istomin 1990). The balance of 
power in the surface layer of hydrate at the preserva- 
tion is determined by its porosity. If for dissociation 
of layer of gas hydrate (with heat exchange) con- 
sumed more energy than on the crystallization of wa- 
ter that evolved as a result (on the surface or in the 
pores of the surface layer of the sample), self- 
preservation with the layer of ice occurs. 

To establish the conditions of its manifestation the 
expression 1s proposed: 
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where teh, tair, b73 and trees — temperature of the 
sample, of air, of the crystallization of water and gas 
hydrate after crystallization of water, respectively, 
K; t — time of heating of the sample, s; Zo» Pice and 


Pw — density of the gas hydrate, ice and water, re- 
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spectively, kg/m’; m — porosity; Con — Specific heat of 


gas hydrate, J/(kg-K); L — specific heat of crystalliza- 
tion water, J/kg; Agn — thermal conductivity of the gas 
hydrate, W/(m:K); oq; — heat irradiation, W/(m*:K); 
H — enthalpy of formation of hydrates, J/kg. 

To increase stability and the mechanical strength of 
hydrate blocks necessary force to preserve with the 
layer of ice. For this purpose, on their surface freeze 
crust 1 — 2 mm is sufficient (ice crust, formed as a re- 
sult self-preservation is thinner) (Gudmundsson & 
Parlaktuna 1991). However, dissociation is negligible 
if the energy of the wet layer enough for the crystalli- 
zation of water (Figure 4). For example, for quality 
preservation is necessary that the initial temperature 
of the sample of gas hydrate porosity within 
0.07 — 0.15 should be between 248 — 259 K. 
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Figure 4. The dependence of the porosity hydrate on the ini- 
tial temperature for the implementation of its forced conser- 
vation: curves: | — at a pressure of 0.8 — 0.9 MPa; 2 — at at- 
mospheric pressure; (temperature of the hydrate after crys- 
tallization of water: at a pressure of 0.8 — 0.9 MPa — 273 K, 
at atmospheric pressure — 268 K). 


In the study of the force preservation of the gas 
hydrate blocks the need re-application of water 
from endurance to crystallization of the previous 
layer was established. In the first application main 
part of the pores was blocked and «cementing» of 
the surface of the sample to a depth of water pene- 
tration. In the second — pores are blocked complete- 
ly, surface defects are smoothed and an ice layer 
are frozen (Figure 5). 

To the experimental establish of the dependence 
of time of crystallization of moistened layer of the 
gas hydrates on its thickness was applied at water 
samples with an initial temperature of 259 K to 
1.5x10°, 3.0x10° and 4.5x10° m? for 6 seconds, 
and to establish of the dependence of time of crys- 
tallization moistened layer of the gas hydrates on 
its initial temperature of — 1.5x10° m* (Figure 6 — 9, 
Table 1 and 2). Crystallization was considered 
completed when the growth of temperature of the 
surface layer stopped. 
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(b) (c) 





Figure 5. Forced conservation of sample of gas hydrates with 
the ice layer: (a) application of water; (b) “shine” of a layer of 
ice on a sample; (c) ice layer on a section of a sample. 
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Figure 6. Dependence of time freezing of a layer of ice 
from reference temperature of a sample. 
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Figure 7. Dependence of time freezing of a layer of ice 
from its thickness. 
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Figure 8. Dynamics of change of temperature of a surface 
(curve 1) and centre of a sample (curve 2) during cementa- 
tion of its surface (the first drawing of water). 


Figure 9. Dynamics of change of temperature of a surface 
(curve 1) and centre of a sample (curve 2) in process freez- 
ing of a layer of ice (repeated drawing of water). 


Table 1. Approximation of experimental data of dependence of time of crystallization of water in the moistened layer from 
its thickness and from the initial temperature of gas hydrate. 


Time of Number of the 
Factor E r v 
crystallization, s formula 
Initial temperature, K T= 23.2-t — 5745.8 0.97 0.093 (2) 
Thickness of the layer, mm T= 18.4-1° + 103.4- 0.997 0.049 (3) 


Table 2. Approximation of experimental data change of temperature of a superficial layer and at the centre of a sample in 


process crystallization of water. 


an Temperature, K The equation of dependence r -o a 
a superficial y =— 1.99-(In(t /330 + 0.128)? — 6.24 0.990 1418.41 (4) 
centre y = 0.60-(7 + 2.0)°*! — 15 0.989 833.51 (5) 
Seana superficial y =-1,53-(In (7/330 + 0.08)) — 4.77 0.992 2061.34 (6) 
centre y = 0.42-(7+ 6.20)" — 15 0.992 2587.66 (7) 


During research of the kinetics of dissociation of 
samples (d = 0.08 m, / = 0.11 m) made according to 
the proposed technology for isobaric and isochoric 
conditions, we found that they a long time 
(390 min.) were in the non-equilibrium conditions 
(atmospheric pressure, 7=276K). The process 
takes place without damaging the integrity of the 
sample. We found that the forced preservation gas 
hydrate blocks can increase the maximum storage 
temperature at atmospheric pressure to 270 — 273 K. 

The mechanism of dissociation of samples is de- 
scribed as follows. 

In the case of isochoric of heating process surface 
of the sample to the melting point of ice and the cor- 
responding value of its inner part occurs first. Further 
heating will go inside, and the surface temperature 
remains constant (273 K). More heat goes inside of it, 
and the surface temperature remains constant 
(273 K). This layer of ice melt, reaching a certain 
value but its thickness is stabilized. With further en- 
ergy intake surface ice layer melts, melt water flows 
down, and on the other side of it is the crystallization 
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of supercooled water formed due to hydrate dissocia- 
tion surface. Gradually contact «gas — water — ice — 
supercooled water — gas hydrates» moves toward the 
center of the sample. However, under the pressure of 
gas released is temporary chaotic violation of the in- 
tegrity peel. The next moment supercooled water 
crystallizes and its integrity is restored. In the isobaric 
conditions at achieving equilibrium pressure in vol- 
ume process terminated. 

Consequently, the existence of the sample in 
equilibrium conditions (for example, as a result of 
application of water) thickness of the ice crust is 
determined by the balance of energy and amount 
of water in its pores and on the surface. Thus, 
forced preservation allows you to create for of gas 
hydrate under a layer of ice conditions its stability 
while the sample itself may be in equilibrium con- 
ditions. The method of production of gas hydrate 
in the form of blocks with internal energy source, 
preserved layer of ice is proposed, considering the 
properties of gas hydrate and experimental results 
(Figure 10 and 11). 





Figure 10. Method of production of gas hydrate blocks: 

1 — cooling of water; 2 — water pumping; 3 — feed water 
stream into the reactor; 4 — formation of gas hydrates; 
5 — bubbling gas; 6 — selection of gas hydrates; 7 — vibration 
treatment; 8 — separation; 9 — concentration and cooling; 
10 — crushing of hydrate; 11 — pelleting of hydrate; 12 — sep- 
aration of gas; 13 — cooling of gas; 14 — preparation of gas; 
15 — formation of blocks; 16 — cooling of air; 17 — the first 
water supply to the blocks; 19 — the second water supply on 
the blocks; 18 — cementing surface; 21 — freezing of layer of 
the ice; 20 — air circulation; stream I: — blocks; II, VI — wa- 
ter; II — methane; IV — condensate; V — gas; VII — air. 


It includes: gas hydrate production with a significant 
water content, its separation, enrichment of the gas hy- 
drate mass by transferring of the residue water (be- 
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tween the crystalline and captured) to the hydrate and 
increasing filling with the gas molecules of the crystal 
lattice, single the cooling of gas hydrates (T < 258 K) 
granulating one part and crushing of the gas hydrates 
another, the formation of blocks with the mixtures 
forced their conservation with the layer of ice. 

For realization of this method project pilot plant 
with a capacity of 20x10°m°® gas per a day 
(140 tons per day hydrate) is developed (Figure 12). 
Pilot plant is designed for production of gas hydrate 
blocks weight to 250 kg. Gas consumption for tech- 
nological needs of the pilot plant during the summer 
installation is 2400 m° per a day (or 12% of its ca- 
pacity). At low temperatures the gas consumption is 
reduced to 568 m® per a day (or 2.8%). 

To increase the effectiveness of the proposed tech- 
nology hydrate blocks must be stored under a layer of 
polyurethane (thickness of 0.5 — 0.7 m) in terrestrial 
Inflatable structures covered with double-layer soft 
shell with nonflammable gas locking layer (the nature 
of changes in the composition of this gas will indicate 
breach of integrity external or internal shell). These 
structures are closed constructions that “lying” on the 
gas cushion pressure which exceeds atmospheric only 
for compensation the weight of the shell (Figure 13). 






Q 


Figure 11. Scheme of method of production of gas hydrate blocks. 


To place such storage we propose near of gas con- 
sumers. This will allow give gas to distribution net- 
works of low pressure. Therefore hydrate dissociates 
at a pressure of 0.3 -— 0.4 MPa, and therefore at a 
much lower temperature (coolant temperature to melt 
the hydrate will not exceed 283 K). Calculation of pa- 
rameters of storage of the gas hydrates in the terres- 
trial Inflatable structures is given in the Table 3 and 
Figure 14 — the dynamics of change of the tempera- 
ture in surface of the hydrate. Energy savings for 
cooling of the inflatable structures (Table 4) during 
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storage of 5.2x10° m? of gas in the form preserved 
with the layer of ice of gas hydrate blocks is 49.3% 
(6.95x10° m° in terms of gas), including by: the tem- 
perature difference between storage of blocks, cov- 
ered with layer ice and without (47 = 12 K) — 17% 
(2.69x10° m° of gas); improve the efficiency of the 
cooling system by an amount proportional to AT — 
26.9%. Cost of storage during the year in terrestrial 
Inflatable structures of the gas hydrate blocks amount 
to in terms of gas 15.86x10° m’, representing only 
0.3% of the content terrestrial inflatable structures. 





Figure 12. Principle scheme of the installation for the pro- 
duction of hydrocarbon gas hydrate in the form of blocks 
capacity of 140 t per a day (20000 m’ per a day of gas) 
1 — inkjet apparatus; 2 — reactor; 3, 7, 19, 31, 35, 37 — pump; 
4, 8, 22, 30 — device of air cooling; 5, 9, 16, 17, 20 — heat 
exchanger; 6, 13 18 — separator; 10 — coiled pipe; 11 — mod- 
erator; 12 — squeezing device; 14 — column of draining of 
gas hydrates; 15 — compressor; 21 — refrigerator; 23 — granu- 
lator; 24 — mixer; 25 — straw chopper; 26 — press for the 
formation of gas hydrate blocks (GHB); 27,34 — (GHB); 
28, 32 — nozzle; 29, 33 — zone of blowing GHB; streams: 
I, III — water; II — GHB; IV — gas. 





Figure 13. Scheme storage of gas hydrates: 1 — elastic the 
shell bilayer; 2 — hydrate blocks; 3 — layer of polyurethane. 


Table 3. Calculation of parameters of storage of the gas 
hydrates in terrestrial Inflatable structures. 


Janu- 


The thermodynamic parameters ay July 
Thermal resistance, (m° -K)/W: 
— transition heat, Ræ 0.23 0.09 
— coating of the layer of PVC, Rp; 0.025 0.025 
— locking layer, Ric; 0.22 0.18 
— covering (no layer of polyuret.), R.o\; 0.34 0.28 


— covering (with a layer of polyuret.), R,, 17.0 16.6 
The heat flow to the hydrates, W/m’: 


— without insulation polyurethane, g; 20.58 104.1 
— insulated with polyurethane, qpu 0.64 92.4 
The heat flux in the Inflatable structures 

to of gas hydrates, kW: 

— without insulation polyurethane Qx, 80.77 409.0 
— insulated with polyurethane, Qex pu 2.53 9.36 


The flow of heat from the earth, Qoa, kW 90 9.0 
Energy consumption for cooling, Qcoon KAW 6.6 15.3 
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Figure 14. Dynamics of change of surface temperature of 
gas hydrates in ground storage: limit of hydrate stability 
1 — without preservation; 2 — winter without additional 
cooling; 3 — summer without additional cooling; 4 — sum- 
mer with additional cooling; 5 — forced preservation with 
the layer of ice. 


Therefore, forced preservation of blocks with the 
layer of ice and separated in time of production opera- 
tions and dissociation of gas hydrates in time allows 
on 42.9% (in terms of gas — at 466.5x10° m°) to re- 
duce energy consumption of the proposed technology 
and thus significantly improve its competitiveness. 

To improve efficiency of the technologies, dis- 
sociation of the gas hydrate blocks in the summer 
must be carried out by solar energy, thus saving 
in terms of gas 594.26x10° m° (Table 5). Expens- 
es for dissociation of blocks not covered with a 
layer of ice at the expense higher temperature of 
storage in terms of the gas will be higher at 
33.16x10° m’. 

In the production of gas hydrates to 80% of the 
energy is consumed in recycling heat from the pro- 
cess. Before the gas consumption of the same 
amount of energy expended on melting hydrate. Use 
of gas hydrate blocks (large of the size, refrigerated 
and preserved with the layer of ice) and inexpensive 
terrestrial Inflatable structures allows to divided 
over time its production and dissociation. To pro- 
duce of the gas hydrates useful in the cold season 
(T<278—280K), and melt in the warm 
(T > 280 K), respectively using natural energy from 
the sun and cold. 

Accordingly, the proposed technological chain, 
which involves: production of gas hydrates in the 
form of gas hydrate blocks its transportation without 
additional cooling, storage vaults in the ground at a 
temperature of 270 K, hydrate melting by solar en- 
ergy. (The gas structured than fresh water, cold, 
compressed gas energy receive.) This solution will 
improve the efficiency of gas transportation tech- 
nologies to hydrate form to a competitive level. 


Table 4. Comparison of costs for 5.2 million gas storage in the form of gas hydrate blocks force preserved with layer of ice 


and without it, in terrestrial Inflatable structures. 
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The savings in terms of gas from the tem- 
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S for cooling of ae ae of ‘Sy perature difference storage of blocks cov- 
s storage gas Š x rage D S ered with ice and without(AT = 12 K) 
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Storage for “warm period” (15.04 — 15.10) 
180 1071.4 192845 6.43 0.12 270 1.50 9.5 
180 1321.9 237946 7.93 0.15 258 — — 
Storage for the “cold period” (15.10 — 15.04) 
180 413.6 74442 2.48 0.05 270 1.19 7.5 
180 611.1 110005 3.67 0.07 258 — — 4.26 26.9 
Storage during the year 

360 742.5 267287 8.91 0.17 270 2.69 17.0 

360 966.5 347951 11.6 0.22 258 — — 4.26 26.9 

360 1321.9 475884 15.86 0.30 258 2.69 17.0 4.26 26.9 


Table 5. Comparison of energy consumption for dissociation of 2870 tons (typical contents of terrestrial Inflatable struc- 
tures) of the gas hydrate blocks force preserved with the layer of ice and without in different seasons. 


ature of the 
blocks, K 


Initiale temper- 
Forced preser- 


258 
270 
258 
270 


258 
270 


vation 
of the blocks 


+ 


Bo a Energy consumption for dissociation Save of gas due, x10° m? / year 
3 S m Content terrestrial Inflatable structures 
E A (2870 tons hydrate) due to the energy S nodo oOo © 
Ee 3A - Page Fok Ae g 
Te $ Sun in terms of gas Of the gas 2 owai S WS 5 
oo & E 33 ore ao 3 = 
Dn x10° m % x10° m Ue ge! E a D 
27 594.26 100 0 0 — 594.26 594.26 
summer 561.10 100 0 0 33.16 561.10 594.26 
3.0 82.52 13.9 SLR 86.1 82.52 82.52 
spring — 
niaie 82.52 14.7 478.6 85.3 33.16 82.52 115.68 
= 0 0 594.3 100 — — — 
winter 0 0 561.1 100 33.16 — 33.16 


Table 6. Comparison of energy consumption for the different technology of marine transportation of natural gas 
(5.2x10° m’) in the form of gas hydrate blocks: preserved layer of ice when separated in time manufacturing operations 
and dissociation of gas hydrates and without forced preservation of blocks in continuous production process. 


Composite of 
technological 


Production 


chains 


Transportation 


Storage 


Dissotiation 


Total 


Energy consumption for the different 
technology of the transportation in 
the form of gas hydrates blocks 
Separated in time 
manufacturing operations 


and 


dissociation, 


preservation of the blocks 
with layer of ice 


% 
4.33 
4.86 
0.06 
2.69 

11.94 


x10? m? 
225.54 
253.32 
3.13 
140.11 
624.02 


Continuous 
process, absent 
preservation of 


blocks 
% x10? m? 
11.0 572.98 
4.90 255.24 
0.30 15.63 
4.7 244.82 
20.9 1088.67 
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Energy savings in terms of gas due 


Natural cold 


e and solar Total 
energy 
x10 m? x10? m xm? % 
= 347.44 347.44 6.67 
1.92 — 1.92 0.04 
2.69 9.81 12.5 0.24 
33.16 71.55 104.71 2.01 
37.77 428.8 466.57 8.96 


Comparison of energy consumption of two variants 
of technologies of the marine transportation of 
5.2x10° m? of natural gas in the form of gas hydrate 
blocks: 1) with forced preserved blocks in separated 
of production and dissociation of gas hydrates with 
time; 2) without forced conservation blocks in con- 


The comparison of expenses of energy of a com- 
ponents of technological chain of sea transportation 
of natural gas in the form of the gas hydrate blocks 
and other known technologies (LNG-, CNG-, NGH- 
based on granular hydrate) is given in the Table 7 
(Nogami et al. 2008), (Khamehchi et al. 2013). 


tinuous production process 1s presented in Table 6. 


Table 7. Compare energy consumption for the components of technological chains of maritime transportation of natural 
gas in the form of gas hydrate blocks and other known of technologies (LNG-, CNG-, NGH-based on granular hydrate 
(Nogami et al. 2008), (Khamehchi et al. 2013), %. 


NGH-technology 


Components of LNG - CNG- NGH- (force preservation of the gas hydrate of blocks) 
technological technology tehno logy technology Operating mode 
chains (granules) : 
continuous seasonal 
Production 11.0 — 24.0 1.4 11.0 6.63 4.33 
Transportation 0.94 5.7 4.9 4.90 4.86 
Storage 1.6 1.4 1.2 0.08 0.06 
Dissociation 0.31 3.7 4.7 6.34 2.69 
Total 13.85 — 26.85 12.2 21.8 17.95 11.94 
3 CONCLUSIONS REFERENCES 


Thus the gas hydrate blocks manufactured in ac- 
cordance with the proposed technology can be re- 
garded as “devices” for concentrate the gas with an 
internal energy source. They suitable for long-term 
storage and transportation at atmospheric pressure 
and a slight negative temperature. 

To increase the stability of gas hydrates have 
formed a pre-chilled mixture of crushed and granu- 
lated hydrates in blocks and forced preservation at 
atmospheric pressure with the layer of ice. 

Hydrate blocks is proposed to keep under a layer of 
polyurethane foam thickness of 0.5 — 0.7 m in terrestri- 
al Inflatable structures covered with double-layer soft 
shell with a layer of nonflammable gas for the locking. 

Production of refrigerated gas hydrate blocks al- 
lows them storage to carry out at atmospheric pres- 
sure with minimal energy and forced preservation 
with the layer of 1ce — increase the maximum tem- 
perature of storage on the 12 — 14 K. 

Proposed gas hydrate technology creates im- 
portant preconditions of development of small and 
medium-sized remote of gas fields (including gas- 
hydrate), creating a network of terrestrial Inflatable 
structures, improve the efficiency and competitive- 
ness of marine technologies of transporting of natu- 
ral gas in hydrate form. 

In addition, the use of alternative energy sources 
(natural cold and solar energy) at the production and 
dissociation of gas hydrate in terrestrial Inflatable 
structures allows considerably reduce capital and en- 
ergy costs of the technological chain of the transporta- 
tion and storage of hydrocarbon gases in hydrate form. 
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Dynamic stability of balancing rope of skip hoists 


V. Pochepov, L. Fomychova & V. Salli 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: On the basis of the research of the system of differential equations were considered two possi- 
ble cases of deflectionmotion of the balancing rope, that define different options of the loss of stability 


(turning loops and twisting branches). 


1 INTRODUCTION 


Required capacity of multiropeskip hoisting plants 
in the development of seams at great depths is 
achieved by increasing the diameter of the drive 
pulleys or the number of head ropes. Diameters of 
pulleys currently reach 5 m. Increase the number of 
head rope leads to additional structural and opera- 
tional disadvantages. In addition, the use of balanc- 
ing ropes with a large mass per unit length increases 
their bending rigidity, which negatively affects the 
operation of the skip hoists. Improving skip hoists 
requires the creation of reliable recommendations 
on the choice of balancing ropes to ensure trouble- 
free operation. 

Analysis of performance of balancing ropes 
shows that, despite the sufficient high strength and 
no significant static loads, ropes relatively quickly 
fail. This can be explained only by the intensity of 
the transverse and torsional oscillations, which re- 
sulted that ropes hit with elements of reinforcement 
and lining of shaft. 

Let’s consider some cases of possible unstable 
oscillations of the balancing rope. 


2 TRANSVERSE OSCILLATIONS 
OF A FLAT ROPE 


Figure 1 line represents a balancing rope, ends of 
which move with constant velocities V in opposite 
directions. The length of the rope / is much great- 
er than the distance a by horizontal between 
points of the rope suspension to skips 4, C. Ne- 
glecting the bending rigidity of the rope, was 
foundthat in the static state the angle œ’, which is 
formed by axis of the rope and the vertical line, is 
described by the relation: 

ga =F -E (Eea), (1) 


2 
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where é — longation coordinate of an arbitrary 


point of the rope, measured from point A, (Fig- 


ure 1), E=: B B 


defined as the roots of two transcendental equations: 
a 


VE +B -17 + (8, -1) 
— = -p Inm, (2) 
l g Vh,+ +2 


Sonat = 2 = fF + -de +i- 


where Ho 


— constant of integration, 


— lifting height with a uniform velocity 


V ; t — time in lift from the beginning of uniform 
motion. 





Figure 1. Account circuit of balancing rope. 


Since AL then p <<1; besides that 


piam 


Therefore, we as sum (is assumed) 


0 : 
that Fh 0 and in those cases, where it does not 
t 


lead to violations of regularity, we will as sum (will 
be assumed) £, =0. Then from equation (3) is ob- 


2 
] 9 


Further, oscillations of the rope in the plane of its 
static balance are considered. Thus, in accordance 
with expression (1) the horizontal coordinate wu; 


tained: 


y 


H 


opa 


Saa = 
Pr Ot 


5 (4) 


(Figure 1) of any point of the rope is given by ratio: 


VA + (B, -éy +(B, a 
VA + By + Bp 


Differentiating twice by ¢ expression (5) consider- 
ing (4), is obtained: 


ə ui py? B(B, -§) 
z a 
a? +(B, -epf 
Formally it is centrifugal force per unit of length 


of the rope and significantly different from zero 
only in the vicinity of the point é = f, , that is near 


“1 =-6 In (5) 


(6) 


point B. 
We write the equation of plane small oscillations 
relative to the position of static balance of the rope: 


o pgl(B, -€) uy =p dui om (7) 
ð| Pecos dé d? dt 


where p — the linear density of the rope; g — free 








fall acceleration; u; — locally transverse deviation 


of rope points from the position of the balance. 
Since rope branches are symmetric with respect to 





the point B, that is ensured by the condition 
2 0 
: u 
Pı <<1, centrifugal forces p 5 7 cannot cause 
t 


excitation of the vibrational rope. 
Let’s consider the solution of the homogeneous 
equation (7), which, with the replacement of the 


. , . . Vt 
time coordinate £ on T using the relation T = 7? 


al 


takes the form: 


JZ Sew B-87 


y2 
ee 8 


Ou, 
oS 


, 3T, 
ot? 





9 


where 4? = 
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The solution of the equation (8) will be searched 
in the form of a first approximation, the Galerkin 
method, assuming: 


m =ø(t)Zo(š) , (9) 
where Z,(é) — some cylindrical function of zero 
order, satisfying the boundary conditions: 


Z,(0)= Z)(1)=0 (10) 


Substituting (10) into equation (8), multiplying 
both sides of the equation by a function Zo (£) and 


integration by the entire length of the rope, consid- 
ering the boundary conditions (10) is obtained: 


ole) {f+ (B, 2) ora + 


+ Tol) 





[(Z}aE=0 . (11) 


2 


The variable x° =y 8? + (8, -EY is introduced. 


In this case, with sufficient approximation, consid- 
ering the infinitesimal p, , we have: 


— 2xdx if 4| B? + p? SS) 6; 


dg = ae (12) 
2xdxif |B, < x<4 B? +01- p) 

Function Z(é) can be represented as: 

Z (E)= I(vx)¥(vx9)—Yo(vx x), where M, 


Y, — the first race Bessel function of zero order. 


According to the boundary conditions (10), the 
parameter v is the smallest root of the equation: 
Io (vx, )¥, (vx, )- Yo tee) Te (vx, )= 0 , where: 


x; = 4B; + (1-2) =l- p l 


(13) 
X, = IB + By = VP» 
Approximately, taking into account (13): 
mT 

v = — 

VA HI-By HA +E 
AJA + TA). m2 (14) 

SUR toy 
l l 


In (14) was taken into account, that the value 


yb: +41- 8, is slightly different from the con- 


stant value under the condition of changing £, 


from 0.2 to 0.8, which corresponds to the actual 
limits of the area of the vessel movement with a 
steady rate. 


Integrating the equation (11) with (12), (14), is 
obtained: 


2 32 
K, Ho o oO 0: 
l d 





(15) 


where — K, = ae a 
am [| xZédz 

x0 
Two particular solutions of the equation (15) have 


idan) sed, a 8 
a common multiplier Ta 2q” . From this it fol- 
lows that fluctuation of the rope in the time interval 


H . ; ; 
E (o i] occurs with decreasing amplitude over 





Mi SS of the 


time, and in time interval í 
oscillation amplitude increases, that means the am- 
plitude of the oscillation of the rope increases with 
turn-out moment of the vessels. This means that any 
perturbations, acting on the rope (air jet pressure, 
transverse oscillation of lifting vessels, etc.) lead to 
a buildup, increasing in the second period of the 
motion. 


3 TURNING OF THE LOOP OF 
FLAT ROPE OR TAPE 


Let’s consider the differential equation of small 
torsional and transverse vibrations of a flat rope in 
the direction, perpendicular to the plane of the loop: 


0° {da du, 
—| y — — EI, — EI 
52 7 F E Je 3 »)x 


0 | da’ aa di, dar 
x— + 
as | ðs (ðs ds ðs 
m Ou. 07 
F/+—F; |= 2, 
n (7 Os y) ó ot? 


where El, 2 


> Os 





1 


(16) 





, 


oa - £1) x 
S 


os ds ds 





Qn 2~ 
x oe Be - = 1, — ay 4 ; Y — the angular rota- 
r Os ot 
tion of the rope section about the longitudinal axis; 


Uy — small displacements of the rope in the perpen- 


dicular direction of the plane of static equilibrium of 
the rope; œ — the angle, which is formed by the 


axis of the rope at any point with the vertical; E/,, 


ETI, — the smallest and largest bending rigidness of 
the rope; //, — torsional rigidness of the rope; /, — 
the inertia moment of the rope segment of unit 
length relative to own central axis; Fy , Fy — re- 


spectively, the shear and longitudinal forces, acting 
on sections of the rope in its static balance, 


F= (é — B,)sin of — B, cos a'lpgl; 
B= sind + +(€- 8, )cosa’|p gl. 

Here £,, £, are defined by transcendental equa- 
tions and the angle @ is determined from the non- 
linear differential equation: 


da 


E, — ee B,)sin a — B, cosa =0, (17) 
dë? 
where pe 
(pg!)l, 


The solution of the equations system (16) will be 
sought in the form of a first approximation the Ga- 
lerkin method, assuming: 


mau” pace: 


t 


(18) 


Substituting the expression (18) into the system 
(16), multiplying the first equation system by U (s) : 
and the second — by G(s) and integrating by s from 
0 to ¢ , with subject to the boundary conditions: 


U(0)=U(1), G(0)= GZ) =0, (19) 
we have result (is obtained the result): 
ĉu 
b, mere +av=0, 
ub, TŽ + anu tany=0; (20) 








| I 1 ; 
where T =f 2 ys ae aa dé + 


hae dé +(e, -eg A dé ; TE LE 

















0 dg d¢ opg! 
dU d yp dU dal dG 
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dG — En a dit E 
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To calculate the coefficients a,,, b, it is neces- 


sary to specify the form of transverse and torsional 
oscillations of the rope, which must satisfy the 
boundary conditions (19) and correspond to the 
actual motions of the rope, resulting in turning it in 
the bottom. By logical reasoning, is concluded that 
the turning of rope loops can occur when the loop is 
inclined from the static balance plane and maximum 
twisting of transverse sections of the rope occurs at 
the lowest point of the loop. 

Forms of rope oscillations, corresponding the oc- 
casion of its turning, should have the form, shown in 
Figure 2. In order to establish more specific forms 
of the oscillation, let’s consider a simplified calcula- 
tion model of the balancing rope, representing two 
branches fastened at the bottom. 


0 B- l 4 


Figure 2. Forms of rope oscillations, corresponding the 
occasion of turning loop. 


For the same length of branches, without consid- 


ering bending stiffness the first form of oscillations 
of the rope like this has the form: 


unm 





l 
id] (€e[0,1]), where u - 
the smallest root of the equation J, (uv/2 =(). 

The function J € $ — j is approximated by 


the simpler, type: 


u= h-e P, 


which is taken as the desired shape of transverse 
oscillations of the rope. 

To determine the shape of torsional oscillations, 
is considered a simplified equation of own forms of 
torsional oscillations derived from the second equa- 
tion of the system (16) in the form: 


(21) 
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d’G 
3 dé? 


+l LoG = a (r 


EI -— 
dg 





dU da 

3, 7 | (2) 
dé dé 

Finding G as the solution of the inhomogeneous 


equation (22), is obtained precision up to the con- 
stant factor: 


Gle)=|sinkle-x) Z| 


dx 
ie Pol, 
El, } 
Since the expected frequency of the lateral- 


torsional vibration is negligible (at high rope pitch- 
es), the parameter k is small and sin klé- x) z 


dU do 
— — idx, 
dx dx 


(23) 


slowly varying function. At the same time the value 
d ( dU dæ 

(FF 

vicinity of the lowest point of the loop. Therefore, 

_|dU da 

a a 


slightly different from the constant, the shape of 
torsional oscillations takes the form: 


is practically non-zero only in the 


d . 
approximately Glé) and as a iS 


X 





’ do’ 


od d` 


Taking as the basic shape of the lateral-torsional 
vibration of the balancing rope expression (21) and 
(24), can be calculated the required coefficients of 
equations (20). 

The phenomenon of turning the rope is, obvious- 
ly, directly related to the emergence of complex 
inherent numbers of equations (20), which are 
equivalent to the vanishing of the radicand in the 
relation: 


(24) 


2 _ Lbqı +ban 
On =— ~t 





2u bb, 
à 
+ ete vhs — 1422 7 4241 
2u bb, H bb, 


where @;, — the inherent numbers of the system 


(20), through which the solution of these equations 
can be written in the form u = Ae’®’, y= Be'®”. 
Let’s consider the definition of parameters for 
two types of balancing organs structures. For rub- 
ber-rope tape bending and torsional rigidity with 


sufficient accuracy are determined by the relations: 


n hb’? 
El =5 Elp; + Eli —, 
i=l 
n heb 
EL =5 Elp, + El ps —, 
i=l 
bh(h? +b?) 


El; = Gres 12 


Flexural rigidity of cables is considered as the 
sum of the flexural rigidity E,,, and rigidity of the 
rubber shell itself, having a modulus of elasticity 
Eggs (b, h — width and thickness of the tape). In 


the rigidity on the torsion tape the bulk is torsional 
rigidity of the rubber shell, having the shear modu- 
lus Gare - 


The inertia moment per unit of the length of the 
(n? +b?) 


tape /,= 


, where p ~— the linear mass 


of tape. 
For the steel strip: 
hb’? 
Eh = El im; 
1 ST 45 


3 
El, = El gp — . 
bh(h? +b?) 
12 i 
(n? +b?) 


EI, 


ST 


I,=p , where Esr, Gsp the modulus 


of elasticity of steel. 
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4 CONCLUSION 


As the result of calculations was found that turning 
of the rubber-rope loop tape is significantly depend- 
ent on the shape of the tape namely the flexural 


rigidity EJ, and the ratio 7 (Figure 3). 





Figure 3. Dependence of values u from if it is possible 


turning the loop: 1, 2,3 -e=9- 107°; 5- 10°'°;2- 107". 


I, gl 
3 
reaches values that are shown in Figure 3, then the 
loop turning is possible, which is undesirable during 
the operation of the skip hoists. Steel tape is more 
stable. With existing relations b, h , steel tape is 
not undergone to the possibility of turning the loop. 





If parameters of the rope are so, that “= 
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Influence analysis of cross slip on friction coefficient 
of mine section locomotive on curvilinear rail track 


with intermediate medium 


V. Lytvyn 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: The problem of traction coefficient variation of mining sectional locomotive while motion on 
the curvilinear rail track is observed. The relation of force of hydrodynamic wheel unloading taking into ac- 
count the intermediate layer existence is defined. Quasistatic model of mining locomotive negotiation in 
turnings is developed. Verification of the developed model is provided by the system of non-linear differen- 
tial equations. Empirical friction coefficient relations subject to the rail track radius for velocities 3 and 5 m/s 


are defined. 


1 INTRODUCTION 


The interaction of a wheel and a rail is a physical 
basement of mining locomotive motion on the rail 
track. It generally defines the safety and the most 
important technical-exploitation parameters such as 
locomotive’s mass, its motion velocity and exploita- 
tion indexes. The problem of wheel-rail grip still ex- 
ists since the development and exploitation of the 
first rail vehicles (Isaev & Luznov 1985). 

The core of the problem was definition of the rela- 
tions between average friction coefficients of mining 
locomotive motion velocity in different exploitation 
environment. Also the relations of the friction coeffi- 
cient in dependence on physical properties of contact- 
ing materials and frictional pair surfaces conditions, 
axle load, wheelband and wheel profile are obtained 
(Babichkov et al. 1971, Isaev 1973). The experi- 
mental study of frictional coefficient for electric and 
diesel locomotives of different types, which were 
used on the rail roads of former USSR, showed that 
frictional coefficient lies in the range of 0.1 — 0.4 ac- 
cording to different authors (Isaev 1970). 

However, nowadays there is no existing methodic 
for frictional coefficient calculation while mining lo- 
comotive motion in the rail track of high curvature sub- 
ject to lateral slip and rail surface conditions. In the pa- 
per, an attempt to solve the urgent problem is provided. 


2 THE RESEARCH RESULTS 


While mining locomotive motion on the rail track the 
surfaces of rail and wheel are separated by the interme- 
diate layer, which includes wear debris of friction bod- 
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ies, particles of hauling rock, condensed moisture and 
another components that form multicomponent envi- 
ronment. Existence of dispersive layer between friction 
surfaces facilitates to study the wheel-rail interaction 
process as liquid friction when friction surfaces and 
separated by the layer of liquid or solid lubricant. 

On the described features of wheel-rail interaction, 
the model of a physical process is based. Between 
wheel rolling surface and rail surface nonstationary 
motion of viscous incompressible liquid arises. This 
leads to the necessity to take into account the of- 
floading force F’, because of hydrodynamic compo- 
nent of intermediate layer. Therefore, friction coeffi- 
cient will be defined by the following relation: 


F 
v=¥,-(1-4), 


where wo — frictional coefficient of clean rolling sur- 
faces of wheel and rail; N — real force, acting on the 
wheel, N. 

To define the force F, there is necessary to find 
out the law of intermediate layer flow, which in- 
duced by the lateral wheel skid V, relative to the 
rail. In this purpose let study the wheel motion on 
the intermediate layer surface after being subjected 
to the pseudo skid forces, which result in the rela- 
tive displacement of the environment’s layer. 

Let the wheel travels along the y axle direction 
(perpendicular to the locomotive motion axis) with the 
velocity V,, and the layers of intermediate environ- 
ment with velocity V, (Figure 1). Due to the fact that 
wheel bandage has conicity, thus it is under the influ- 
ence of the upward force (in this case the offload force 
Fa), that induced by the pressure differences AP: 


(1) 





6uV,L l 
EN casas ae 
min = => 
E-E- 


where u — dynamical viscosity of the intermediate 
layer, Pa s; L — the length of wheel rolling area, m; 
č — the relation between maximal and minimal gaps 


between polluted rail and mining locomotive wheel; 
x — current distance in the range Amin- - -Amaxs M. 













































































Vy 
1 DON. y 
Tel AS \ 
k ES 
A 
Ao 
-y 
2 


Figure 1. Calculation scheme of wheel rolling subject to in- 
termediate layer: 1 — wheel, 2— rail, 3 — intermediate layer. 


According to known pressure variation law (2) 
forces of hydrodynamic offload can be defined: 


HVL 
2 





Fas 


a 


F,=|pdA or F,= (3) 
A min 

where A — total wheel square, m?; F, -— loading coef- 

ficient, Pa. 

From the formula (3) we can conclude, that of- 
floading force F, direct-proportionaly depends on 
lateral wheel slip V, while locomotive motion in the 
curve rail track. To define the traction coefficient 
1 we need to obtain the relation of lateral slip V, in 
dependence on rail track bend radius. 

The problem of rail vehicle negotiation on rail 
curve is being researched for a long time (Isaev 
1970).The most detailed study of the problem is ob- 
served in in paper (Garg & Dukkipaty 1984), where 
the nonlinear nature of lateral and longitudinal fric- 
tional forces are considered and longitudinal force 
of the train. For this purpose that task 1s down to the 
system of transcendental equations, which solution 
can be obtained numerically. 


| eee 
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(2) 
L 


Let wright a quasistatical simulation model of min- 
ing locomotive driving in curvilinear rail track in or- 
der to define lateral slip V, and then to verify the re- 
sults by the usage of differential equations, that have 
been obtained in (Garg & Dukkipaty 1984). 

For this purpose lets assume, that the locomo- 
tive velocity is constant and bogie mass is distribut- 
ed by the axles. Such assumptions are developed by 
the other scientists while lateral oscillation of rail 
vehicle study (Figure 2). 


(a) 











\/ O1 


(b) 








vo 
V 1 


Figure 2. Equivalent (a) and calculation (b) scheme while 
lateral oscillations. 


Let substitute the real scheme by equivalent, 
which represents two masses (wheels), that connect- 
ed by the rigid bar (wheel pair). So, we have the fol- 
lowing calculation scheme: some mass m, that drives 
with velocity V, meets the obstacle, and obtains some 
lateral velocity yo, follows along the trajectory. 

The obstacle has length and is bend with radius R. 
Let choose the coordination system, where the posi- 
tive are of X-axis is motion direction. O — is a point 
of start. So, the motion direction is tangent to obsta- 
cle curve and Y-axis is oriented down along the ra- 
dius. The value of lateral slip velocity V,, we will de- 
fine according to assumption of periodicity- mass m 
at the moment of repeating shock might have lateral 
slip equals to K,V,, where k, — the coefficient of 
elastic imperfections of the rail track, which value 
must be more then unity (for rail track made with 
rail P34 k,=1.9). The velocity k,V,, defines as a 
component of longitudinal velocity V directed to the 
radius, that guided through the shock point from the 


y 
curvature center: kV =—T: 
R 


V, =—T, (4) 


where 7 — the hunting period, that defines from the 
formula: 


(5) 





Filling the (5) and (4) necessary to take into ac- 
count that the rail P34 is the most wide spread 
across the coal mine of Ukraine. Thus: 


3,6V" 
V,, =0,4,/——_—__ (6) 
3,6V? +12% eR 


As a result, the quadrate of lateral slip (and of- 
floading force F, correspondingly), which induced 
by the influ ence of intermediate layer existence and 
wheel conicity is direct-proportional to square of lo- 
comotive speed and inversely proportional to the 
square of speed and curve radius. 

On the Figure 3 the relations between velocity of 
lateral slip and motion velocity, curve radius which 
have been calculated according to formula (6) are 
depicted. 

As above mentioned, the results adequacy is veri- 
fied by the full dynamical model of spatial oscilla- 
tions 8 that accounts lateral geometrical imperfec- 
tions of the rail track. 
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Figure 3. Relation of lateral wheel slip on velocity and 
track curvature: — R5, ---R10, - - - R20. 


As the study showed, in curvilinear rail track, de- 
spite the insignificant oscillations, the value of lat- 
eral slip V, can be assumed as stable. The deviation 
is 10, that is sufficient result for such models. 

Thus, after the offload force F, have been ob- 
tained, let define traction coefficient of mining lo- 
comotive with rail track, that is mudded finely- 
divided environment as a function of radius of con- 
stant curvature while different motion velocities ac- 
cording formula (1). For calculations let take 
w = 0.3. The results are depicted on the Figure 4. 


awnerrr™ 
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Figure 4. Relation of frictional coefficient in dependence 
on velocity slip on velocity and track curvature: 
— V = | m/s, --- V = 3 m/s, - - -V = 5 m/s. 


3 CONCLUSIONS 


The analysis of obtained relations shows that while 
mining locomotive motion through the rail track 
(R5...R20) with velocity less than 2 m/s there is no 
the significant friction coefficient variation. The 
relative difference between w (R6) and w (R20) is 
no more then 9%. However, while the velocity 
3 m/s and 5 m/s this difference can be 26 and 45% 
correspondingly that results in significant tractive 
effort loss on the denoted rail track sections. 


In order to facilitate the engineering calculations | Garg, V.K., Dukkipaty, R.V. 1984. Dynamics of Railway 
the author have defined empirical relations y(R) for Vehicle Systems. Academic Press: New York. | 
real curvatures subject to denoted intermediate layer _!8aev, I-P. 1970. Random factors and friction coefficient. 


M.: Transport: 184. 
properties, which are well-approximating by the Isaev, I.P. 1973. On the problem of wheel and rail contact 
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Influence of metasomatism on formation and 
criterion of relictness of comprehensive ore 


deposits confined to deep faults 


M. Ruzina, N. Bilan, O. Tereshkova & N. Vavrysh 


National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: Metallogenic forecasting of comprehensive deposits localized in deep fault zones has to sub- 
stantiate the criterion of relictness of these deposits. It was established that metasomatism carries ambiguous 
action on qualitative characteristics and the criterion of relictness of formed deposits. Due to multistage acti- 
vation of deep faults metasomatism can play a positive role in the forming of precious metals and, at the 
same time, be unfavorable factor for some occurrences of metallic and non-metallic minerals (chromite, 
chrysotile asbestos, etc.). Thus, a differentiated approach in evaluation the prospects for given raw materials 
is needed. The theoretical justification for the effect of metasomatism on the formation conditions and the 
criterion of relictness of comprehensive deposits within deep fault zones is given in paper. 


1 INTRODUCTION 


The relevance of studies is caused by the require- 
ment to improve prediction technique for mineral 
resources in order to ensure sustainable develop- 
ment of the mineral raw material base of Ukraine. 
Metasomatically altered rocks are abundant in most 
ore provinces of the world, where associate with 
hydrothermal deposits of metallic and non-metallic 
mineral resources. 

Occurrences of rare, precious and non-ferrous 
metals, as well as non-metallic minerals of hydro- 
thermal origin were revealed in the Middle 
Prydniprovie megablock. Thereby, polychronous 
forming of these raw materials were defined; in ad- 
dition it has been established that occurrences of 
metasomatic processes are spatially confined to 
deep faults and their intersection knots. 

However, a differentiated approach is needed in 
forecasting of various types of metallic and non- 
metallic minerals, which are localized in deep fault 
zones and associated (spatially or genetically) with 
zones of metasomatism. 

It was defined that occurrences of multi-stage 
metasomatic processes are some ways ambiguous in 
relation to qualitative characteristics and the criteri- 
on of relictness of the formed deposits. 

Due to multi-phase activation of deep faults meta- 
somatism can play a positive role in the formation 
of complex anomalies of precious metals and, at the 
same time be unfavorable factor for some occur- 
rences of metallic and non-metallic minerals (chro- 
mite, chrysotile asbestos, etc.). 
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The purpose of the research was to justify theoret- 
ically the influence of metasomatic processes on 
formation conditions and the criterion of relictness 
of deposits. 


2 MATERIALS AND DISCUSSION 


The Middle Prydniprovie megablock is a granite- 
greenstone terrain located in the south-eastern part 
of the Ukrainian shield. As for tectonic structure the 
granite-greenstone region under consideration most 
closely matches the dome-depression type. Synfor- 
mal, seldom monoclinic attitude of fragmented 
greenstone structures enclosed by granite domes and 
arches and limited by deep faults corresponds to this 
type. There are 13 greenstone structures in the Mid- 
dle Prydniprovie megablock. According to (Tyapkin 
& Gontarenko 1990), there are six pairs of mutually 
orthogonal systems of deep faults with trend azi- 
muths 0° and 270°, 17° and 287°, 35° and 305°, 45° 
and 315°, 62° and 332°, 77° and 347° within the 
megablock. Ore-bearing metasomatic formations are 
controlled by deep fault zones in the Middle 
Prydniprovie megablock and represented by 17 
mineragenic types of pneumatolytic-hydrothermal, 
metamorphogenic-hydrothermal, plutonogenic- and 
volcanogenic-hydrothermal genesis. 

Metallogenic forecasting is the science-based pre- 
diction of probable sites of mineralization founded on 
regional formation analysis used to determine the reg- 
ularities of deposits distribution in relation to space 
and age. Putting to use the formation analysis allows: 


— to establish the causality of mineralization with 
specific geological formations; 

— to identify reliable factors that control the loca- 
tion of commercial mineralization in various geo- 
logical structures; 

—to develop criteria for prediction of mineral 
resources. 

It is established beyond controversy that devel- 
opment of prospecting criteria for mineralization in- 
cludes the analysis of terms of relictness of the 
formed deposits and ore types. 

Recent metallogenic research of location of ore 
deposits established that about 84% of the total 
number of studied world’s post-magmatic ore de- 
posits is confined to faults or their intersections. The 
main features that determine the depth of the fault is 
now considered to be: 

— the prevalence of basaltic volcanism at all stag- 
es of the development of fault zones; 

— the differentiation of basaltic melts with the ap- 
pearance of layered intrusions or contrasting basalt- 
rhyolite series; 

— the presence of bodies of ultramafic rocks; 

-the high concentration of elements, such as po- 
tassium, chloride, boron, fluorine, hydrogen, and a 
number of radioactive and rare earth elements; 

—shows of mobilization of magmatic and ore 
material; 

—the forming of extended metasomatic zones 
confined to deep faults. 

Metasomatically altered rocks are spatially and 
genetically associated with mineral deposits. These 
rocks contain information about the structural- 
tectonic and lithological conditions of mineraliza- 
tion location. Most of them are enclosing rocks for 
ore bodies, but some of them are the separate types 
of mineral raw materials (talc, magnesite, chrysotile 
and amphibole asbestos). 

Presence of metasomatites is also a kind of indi- 
cator of physical and mechanical properties of en- 
closing rocks, favorable or unfavorable for the lo- 
calization of ore bodies. 

Spatial position, shape and dimensions of the 
metasomatite bodies fixed the paths of ore-bearing 
flows and allow to judge the intensity of their influ- 
ence on the enclosing rocks. 

The most prospective for ore content should be 
considered the thick and extended metasomatic bod- 
ies characterized by complete metasomatic zones 
including interiors, as they indicate intense hydro- 
thermal-metasomatic processes. 

Age and genetic relation of metasomatic rocks and 
ores are ambiguous and underexplored. Sometimes 
ore formed almost simultaneously with the metaso- 
matic rock, and in some cases they are separated by a 
considerable time interval during which there were 
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repeated tectonic shifts with the intrusion of dykes of 
different material compositions. On the one part, var- 
ious metasomatic formations are confined to a specif- 
ic type of geological structures, on the other part, they 
have well-defined ore specialization. 

Each metasomatic formation is characterized by a 
specific family of ore elements. However metaso- 
matic processes in rocks rarely occur in a single 
stage, and are mostly multistage. In some cases, the 
multiple effect of metasomatic processes play an ac- 
cumulating role, resulting in the formation of com- 
prehensive ore deposits, in others — a substracting 
role, leading to the natural attenuation of formed 
mineral units, including ore ones. 

Forming of chrysotile asbestos deposits in the ul- 
trabasite mass of deep fault zones may be an exam- 
ple of a dual role of metasomatism in ore formation. 
Forming of monomineral chrysotile rocks in ultra- 
basite occurs after the effect of regional serpentini- 
zation, especially in the most permeable for ore- 
bearing fluid zones of crushing and mylonitization 
in ultrabasite. During the asbestos forming metaso- 
matic processes leading to the formation of chryso- 
tile rocks, have a devastating effect not only on the 
main rock-forming, but also on the accessory, in- 
cluding the ore minerals. 

Metamorphism of chromium spinels in chromite 
ores 1s treptomorphism and isofacial metamorphism 
in relation to the alteration of their enclosing rocks. 
Due to this, under the serpentinization — leading to 
removal of FeO, MgO, CrO; and to transition Fe” 
and Fe?” — FeO, MgO, CrO; are also subtracted 
from chromium spinel, which results in its attenua- 
tion, disappearance and subsequent substituting by 
magnetite. As a result, serpentinization, leading to 
the formation of asbestos occurrences, has a devas- 
tating impact on chromite occurrences, which were 
formed on earlier stages. This is probably why there 
are usually not large deposits of chromite ore in are- 
as of intensive forming of asbestos. In turn, inten- 
sive forming of talc deposits and carbonatization in 
ultrabasite mass is a negative factor in prospecting 
this rock mass for asbestos. 

Occurrences of chrysotile asbestos and talc- 
magnesite within the Middle Prydniprovie mega- 
block were exposed in several greenstone structures 
(GS); particularly in Bilozerska greenstone structure 
(BGS) and Surska greenstone structure (SGS). 

Bilozerska greenstone structure is located at the 
intersection of four systems of deep faults. Occur- 
rences of chromite, complex anomalies of Au, Ag, 
Pt, occurrences of talc, magnesite and chrysotile as- 
bestos, as well as occurrences of Co, Cu, Ni and 
cinnabar were found in the southern part of the 
structure within the ultrabasite mass. 


Almost all occurrences are confined to zones of 
tectonic dislocation and areas of intense metasoma- 
tism as several stages of listvenitization and serpen- 
tinization (lizardite, antigorite and chrysotile stages), 
talc forming and carbonatization. The origin of these 
occurrences is defined as dislocation-metamorphic. 

In this case, the effect of several stages of meta- 
somatic processes at the intersection of deep faults 
led to the development of favorable conditions for 
the forming of teleskoped ore formations, but the 
commercial value of these spatially combined dif- 
ferent types of minerals are ambiguous. This am- 
biguousness is following: 

— chromite occurrences in platinum-bearing chro- 
mite formation are considered as unpromising due to 
intensive replacement of chromite by serpentine and 
magnetite, which resulted in attenuation of already 
maggie ores and in subtraction of the platinoids; 

— occurrences of cross-fibrose chrysotile asbestos 
were evaluated in general as perspective because of 
favorable structural conditions of localization (BGS is 
located within the intersection of four systems of 
deep faults), of greenschist facies metamorphism and 
because of pre-ore effect of continuous antigoritiza- 
tion. However, only small occurrences of labinsky 
and bredinsky types could be detected within the rock 
mass. Negative factor reducing the background for 
discovery occurrences of the largest commercial ba- 
zhenovsky type is intense multi-stage serpentiniza- 
tion, as a result of which the remnants of primary 
rock of bazhenovsky type are completely destroyed; 

—occurrences of talc-magnesite associated with 
the latest metasomatic processes (listvenitization) 
are recognized as the most promising, and probable 
identification of medium-scale deposits of shabrov- 
sky or medvedevsky morphogenetic types is sub- 
stantiated. These types of deposits are characterized 
by association with fully serpentinized ultrabasite 
formations. Thus, intense multi-stage serpentiniza- 
tion reduces the prospects of platinum chromite 
ores, as well as the extent of occurrences of chryso- 
tile asbestos materials, at the same time increases 
the prospects for talc-magnesite raw materials. 

Pravdinsk deposit of talc-magnesite and carbon- 
ized serpentinite is located within Surska greenstone 
structure in the Middle Prydniprovie megablock. 
The ultrabasite mass is composed of chrysotile with 
the relicts of olivine, chrysotile-antigorite, antigorite 
talcose, carbonized serpentinites and talc-magnesite 
rocks (Ilvitsky 1989). 

Unlike Bilozerska GS where antigoritization in 
serpentinites 1s pre-ore process in relation to the oc- 
currences of chrysotile asbestos, antigoritization 
within Pravdinsk deposit is exposed in the form of 
several generations: earlier one predated the form- 
ing of chrysotile fibers and later one developed due 
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to the growing substitution of chrysotile aggregates 
until their complete disappearance. Therefore, later 
antigoritization within the Pravdinsk rock mass is a 
negative factor for chrysotile asbestos occurrences, 
due to destruction of primary relict peridotites and 
aggregates of earlier chrysotile. 

Talc-magnesite deposits are confined to zones of 
tectonic dislocation or peripheral areas of serpentin- 
ite bodies. Talc and magnesite are the latest units 
and replace both chrysotile veinlet and aggregates of 
antigorite. 

Photomicrographs of carbonized and talcose 
chrysotile veinlet in chrysotile-antigorite serpentine 
are given in Figures 1, 2. There is distinct selective 
substitution of chrysotile veinlet by carbonate and 
talc in main rock-forming mass of antigorite compo- 
sition. Eventually it led to the complete disappear- 
ance of chrysotile asbestos veinlet and formation of 
talc-magnesite aggregates. According to most re- 
searchers, talc-magnesite deposits in ultrabasites are 
hydrothermal metasomatic units. 





Figure 1. The initial stage of selective replacement of 
chrysotile asbestos veinlet (Chz, light grey) by talc- 
magnesite aggregates (Tk-Mgs, grey) within antigorite ag- 
gregates (An, black); relicts of asbestos mineralization are 
retained. Thin section, magnification 100x, nic. +. 


There are following stages of forming and altera- 
tion of rock within the ultrabasite mass in Surska 
GS and Bilozerska GS of the Middle Prydniprovie 
megablock: 

— igneous stage (dunite, peridotite); 

—autometamorphic stage — serpentinites with the 
relicts of olivine; 

—allometamorphic stage — recrystallized and car- 
bonized antigorite serpentinites; 


—hydrothermal-metasomatic stage — carbonatiza- 
tion, talc forming. 

Talc-magnesite bodies are confined to areas of 
most intense effect of metasomatic processes, 1.e. to 
zones of high permeability. 





Figure 2. Almost complete replacement of chrysotile vein- 
let (Chz, white) by talc and carbonate (Cb, grey) within an- 
tigorite aggregates (An, black), ultimately leading to the 
destruction of chrysotile asbestos occurrences. Thin sec- 
tion, magnification 100x, nic. +. 


When comparing the greenstone structures of 
Middle Prydniprovie with zones of deep faults sys- 
tems it was established that location of Bilozerska 
GS is at the intersection of four fault systems, and 
Surska GS 1s at the intersection of six systems of 
faults, which indicates a higher degree of permeabil- 
ity of tectonic zones in Surska GS and, as a conse- 
quence, more intense and continuous hydrothermal- 
metasomatic alteration resulted in the formation of 
talc-magnesite deposits. 

According to (Stul’chikov 1991), a number of oc- 
currences of comprehensive mineralization were 
found within Verhovtsevska greenstone structure. 
Forming of this mineralization is spatially and ge- 
netically related to ore-bearing metasomatic rocks in 
the deep fault zone: 

—copper-cobalt mineralization with gold, con- 
fined to the area of the eastern contact of Varvarov- 
sky ultrabasite deposits; mineralization is associated 
with complex alteration in basic rocks (propylitiza- 
tion, carbonatization, silicification, tourmaliniza- 
tion), with alteration of ultramafic rocks (listveniti- 
zation, carbonatization, talc forming) and with 
beresitization of acid rocks; 
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—polymetallic mineralization (galena, sphalerite, 
arsenopyrite, berthierite) with gold in listvenitized 
ultrabasites spatially associated with the zone of 
Central-Verhovtsevsky deep fault; 

—gold-arsenic mineralization 
beresites on keratophyres. 

As a result of studies of the relationship of deep 
faults systems with occurrences of precious metals, 
it was established that high ore content in the green- 
stone structures of Middle Prydniprovie is caused by 
their alignment with the knots of intersection of 
deep faults (Surska, Chertomlykska, Builozerska, 
Konkska greenstone structures) or overlapping of 
greenstone structures by the most productive sub- 
systems of deep faults (Verhovtsevska GS). 

These regularities are explained by the spatial 
alignment and repeated activation of deep faults of 
different systems. This activation is always associ- 
ated with magmatic and metamorphic hydrothermal 
activity, as a result of which polychronous, compre- 
hensive occurrences of rare and precious metals are 
formed. These occurrences are spatially associated 
with zones of teleskoped metasomatic formations. 

Ore control of deep faults especially multiplies in 
the knots of intersection, where the so-called clus- 
ters are formed. According to (Tomson 1988) clus- 
ters are the areas (blocks) of intense tectonic pro- 
cessing, which are like punctured by large regional 
systems of dislocations and are specific blocks with a 
special mode of neotectonic movements. 

The probability of deposits forming increases 
with the number of deep faults intersecting at a 
knot, which can become the ore cluster, concentrat- 
ing deposits of different age and composition of 
precious metals and other minerals, including non- 
metallic minerals. 

Thus, Bilozerska, Konkska, Chertomlykska and 
Surska greenstone structures can be related to the cat- 
egory of clusters, due to their location in the knots of 
the intersection of several systems of deep faults in 
the Middle Prydniprovie megablock. Derezovatska, 
Sophievska and Shirokovska greenstone structures 
are intersected only by deep faults of one direction. 

Perhaps this is the reason why the most promising 
gold occurrences and deposits are located within the 
first four greenstone structures, but other greenstone 
structures are unpromising. 


established in 


4 CONCLUSIONS 


This dependence can be used not only as an ore con- 
trol, but also a prospecting criterion for a number of 
mineral deposits, including gold occurrences and 
non-metallic minerals in the Middle Prydniprovie 
megablock. Thus, there are not only gold deposits, 


but also the large Pravdinsk deposit of serpentinite 
and talc-magnesite within Surska greenstone struc- 
ture confined to the intersection of six systems of 
deep faults. Therefore, as a result of studies, the fol- 
lowing conclusions are drawn. 

1. Formations of teleskoped metasomatites with 
the comprehensive mineralization are spatially con- 
fined to the knots of intersection of deep faults in 
the Middle Prydniprovie megablock. The probabil- 
ity of forming of comprehensive deposits increases 
with the number of deep faults intersecting at a 
knot, which can become the ore cluster concentrat- 
ing deposits of different age and composition of 
precious metals and other minerals, including non- 
metallic minerals. 

2. The spatial alignment (telescoping) for various 
types of metasomatic processes in the knots of deep 
faults within the Middle Prydniprovie megablock 
has a dual significance for mineralization: 

— on the one hand, it causes the forming of the val- 
uable comprehensive mineralization and contributes 
to the forming of secondary concentrations of valua- 
ble components (mineralization of precious metals, 
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copper-cobalt mineralization with gold, antimony- 
arsenic-zinc and gold-arsenic mineralization); 

— on the other hand, it leads to attenuation of con- 
centrations and to losses of quality of minerals asso- 
ciated with the earlier stages of metasomatic pro- 
cesses (substitution of chromite by magnetite during 
serpentinization of ultrabasites, the destruction of 
chrysotile asbestos during epigenetic talc forming). 
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Monitoring of mass blasting seismic impact 
on residencial buildings and constructions 
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ABSTRACT: The issue of seismic safety of mass blasting in nonmetalliferous construction raw materials 
quarries is considered. The influence of blasting operations parameters on the velocity of seismic vibrations of 
the ground is determined, and the main recommendations concerning their mitigation are developed. 


1 INTRODUCTION 


Topicality. In primary mining for rock in industrial 
non-metallic quarries, blasting is one of the main 
operating processes. Seismic vibrations of the soil 
and shock wave during blasting operations tend to 
damage residential buildings and constructions 
located in immediate vicinity of the quarry. There- 
fore, the quality and safety of conducting blasting 
operations, especially in non-metallic quarries, are of 
great importance. 

The existing procedure of defining seismic-safe 
parameters of drilling-and-blasting operations and 
safe distance (National Standard 2008, National 
Standard 2009, Ukranian National Construction 
2014) does not provide any objective picture. Com- 
plex structure of rock massifs on the way of seismic 
wave, as well as the structure of borehole charge and 
the ignition method can be pivotal for the intensity of 
seismic vibrations. The decrease in the volumes of 
mass blasting does not reduce the intensity of seismic 
vibrations, and in some cases it even increases them, 
which could sometimes lead to the issue of the 
mining enterprise closure. 

Monitoring of seismic vibrations allows defining 
factual vibrations of the soil in the foundations of 
residential buildings and constructions. Basing on 
the monitoring results, it is possible to develop 
optimal parameters of drilling-and-blasting opera- 
tions and anti-seismic measures to preserve buildings 
and constructions. 


1.1 Analysis of research and papers 


Sadovski M.O., Shemiakin Ye.I., Yefremov E.I., 
Baranov Ye.G., Kusheriavi F.I., | Mosinets B.M., 
Khanukaiev O.N., Tseitlin Ya.I., Pergament V.K., 


Shvets V.Yu. and other researchers determined the 
nature and laws of seismic-wave propagation during 
blasting activities in different rocks. At the same time, 
a significant number of factors influencing propaga- 
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tion of seismic waves do not allow developing a 
universal dependence that would be capable of pre- 
dicting considerably accurately the seismic hazard of 
industrial blasting. 

Many ways of mitigating seismic effects of blasting 
are developed by different authors; however these 
methods are not taken into account in the procedure of 
defining seismic-safe parameters of blasting and the 
distances, which considerably decreases the prediction 
accuracy. In addition, the procedure (National Standard 
2008) does not provide for the connection of blasting 
seismic effect and the quality of ore breaking by 
blasting. Moreover, long-term research demonstrates 
that the decrease in seismic effect results from the 
redistribution of blasting energy in effective capacity. 
One of the reasons of such redistribution is the increase 
in the time of explosive loading of rock massif with 
simultaneous reduction in initial impulse of explosion 
in a borehole, which conditions the critical stability 
state of rocks under smaller loadings. 


1.2 Aim of the paper 


The aims of the paper are: the analysis of methods 
and seismic effect measurement tools of mass 
blasting on residential buildings and constructions 
subject to conservation; determination of permissible 
charge mass limit and safe distance under which the 
vibration of the soil does not exceed the allowable 
standards stipulated by current legislation; develop- 
ment of drilling-and-blasting operations parameters 
aimed at increasing the quality of breaking rock and 
decreasing seismic vibrations of the soils in founda- 
tions of residential buildings and constructions. 

To achieve the aims it is necessary to solve the 
following problems: 

— based on the experimental research of seismic 
vibrations of soil in foundations of residential 
buildings and constructions, to determine real joint 
coefficient (K) depending on the conditions of 
blasting and propagation of shock wave; 


— to study the intensity of seismic vibrations of soil 
in foundations of residential buildings and construc- 
tions during mass blasting operations in quarries; 

— to study seismic and breaking effect of blasting 
borehole charges in redistribution of blasting energy 
by changing the direction of detonation, borehole 
diameter and borehole charge design. 


2 MATERIALS AND RESULTS 
OF THE RESEARCHES 


Because seismic effect of blasting in rock mass is 
multiple-factor process and it cannot be described 
analytically with high precision, the problems men- 
tioned above were solved experimentally. 

Experimental research was conducted according to 
national standards: DSTU 7116:2009 “Industrial 
blasting. Method of determining factual seismic 
stability of buildings and constructions”, and 
DSTU 7117:2009 “Industrial blasting. Method of 
determining pressure at the front of air blast and 
boundaries of safety area’. To register seismic 
vibrations and pressure at the front of air blast, the 
following equipment was used (Figure 1): 

—ZET 048-E seismic station with BC 1313 
three-component acceleration indicator and receiver 
for synchronization with GONASS/GPS and laptop 
with ZETLab Seismo software installed; 

— BlastMate III digital seismograph with micro- 
phone and two three-axis geophones and laptop with 
BlastWare software installed. 

Processing of the results was conducted using 
ZETLab Seismo and BlastWare software, with 
additional software for: 

—monitoring and diagnostics of buildings and 
constructions according to GOST 53778-2010 na- 
tional standard “Buildings and constructions. Rules of 
examination and monitoring of technical state”; 

—monitoring system for buildings and construc- 
tions, as well as environment to determine the period 
and logarithmic decrement of the fundamental tone 
of natural oscillations according to HOSTP 
54859-2011 national standard “Buildings and con- 
structions. Determination of the parameters of fun- 
damental tone of natural oscillations”, and determi- 
nation of parameters of seismic effect according to 
GOST P 53166-2008 national standard “Effect of 
natural external conditions on technical products. 
General characteristics. Earthquakes”. 

The results of monitoring seismic vibrations at the 
bottom of foundations of residential buildings and 
constructions showed the exceedance of permissible 
values 1.5—3 times, which was confirmed by ob- 
jective complaints of the residents. 





Figure 1. Equipment for registering seismic vibrations and 
pressure at the front of air blast: (a) ZET 048-E seismic 
station; (b) BlastMate III seismograph. 


In all the above mentioned quarries a range of 
emulsion and granulated explosives were used: 
ukrainit-PP-2B, anemics, grammonite-79/21, igdanite, 
and recycled explosives in boreholes with diameter 
from 105 to 250 mm. Initiation of borehole charges 
was conducted by non-electrical initiating systems. 

According to the results of soil seismic vibrations 
monitoring, at the bottom of foundations of residen- 
tial buildings and constructions for each case, a real 
joint coefficient (K) is determined which depends on 
the conditions of blasting operations and propagation 
of seismic shock waves. This allowed establishing 
permissible mass of explosives per one stage of 
slowing down, developing the zoning map of quar- 
ries, as well as developing seismic measures for 
preserving residential buildings and constructions in 
the vicinity to the quarry. 

As a result of introducing the developed an- 
ti-seismic measures at the quarries and complying 
with “Recommendations concerning seismic safety of 
mass blasting for industrial and residential buildings 
and constructions located in the vicinity of a quarry”, 
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seismic vibrations of soil was reduced to the permis- 
sible level (National Standard 2008, National Stand- 
ard 2009, Ukranian National Construction 2014) and 
the quality of blasting operations was improved. 


3 CONCLUSION 


Monitoring of seismic vibrations reflects the real 
effect of blasting operations on buildings and con- 
structions. The results of monitoring allow estab- 
lishing the attenuation coefficient of seismic vibra- 
tions and developing seismic safety parameters of 
drilling and blasting operations. The development of 
anti-seismic measures reduces the vibrations to the 
permissible norm, which allows retaining the general 
mass of explosives. The mass of explosives for the 
stage of slowing down is adjusted depending on the 
location of the object under protection, and parame- 
ters of seismic vibrations attenuation. This allows 
redistributing the intensity of seismic vibrations and 
mitigating their effect on residential buildings and 
constructions. 
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As the joint coefficient (K) changes under chang- 
ing parameters of borehole pattern, design of bore- 
hole charge, properties of explosives and conditions 
of initiating borehole charges, as well as while 
developing new levels and at the vicinity of blasting 
operations to residential buildings, “Recommenda- 
tions concerning seismic safety of mass blasting” are 
to be revised and adjusted on the results of seismic 
vibrations monitoring. For this, it is necessary to 
carry out control measurements of velocity and 
frequency of seismic vibrations during mass blasting 
with operational conclusions, recommendations and 
adjustments concerning further mass blasting opera- 
tions depending on the realization conditions. 
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in transmissions of mining machines 
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ABSTRACT. The task of mathematical model construction of dynamic processes in the transmissions of mining 
machines as an object with the distributed parameters and its numerical realization of nets method is considered. 


1 INTRODUCTION 


The questions of design and calculation of drive of 
mining machines are closely related to the mathe- 
matical design of processes in the systems with the 
distributed parameters. In the article the mathemati- 
cal model of transitional process is examined in the 
long transmissions of mining machines on the base 
of the system of equations in particular derivatives 
and its realization of nets method. 


2 THEORETICAL PRE-CONDITIONS 


Dynamic processes in a transmission are described in 
the system of equations, plugging in itself wave differ- 
ential equations in particular derivatives, reflecting the 
turning vibrations of link with the distributed parame- 
ters, and equations of motion of engine and working 
instrumentas scope terms. 

The purpose of work is development of theoreti- 
cal base for research and calculation of parameters 
of transmissions of mining machines for further 
perfection of technology of the mechanized devel- 
opment of coal stratums. 


3 THE MAIN CONTENTS 


The system of two equations of the first order is in 
the basis of mathematical model (Grebyonkin et al. 
2006, Grebyonkin et al. 2007): 


do , OM ƏM _ ,_ ðø@ 
x | ot’ x d 
where œ — angular speed in examined section of 
transmission, s `; M — resultant twisting moment in 


a transmission on the billow of engine, N:m; kı — a 
coefficient of turning pliability of length unit of 


,O<xsL, (1) 
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billow, (N-m*) 7; kọ — a coefficient of inertia of 
length unit of billow, N:s. 





Scope terms: 
e i (2) 
at x=L: M, =M-(t); Olt) = a, , (3) 


where w, and wx — current values of angular speed 
accordingly in initial and eventual sections of 
transmission; M;, and Mx — current values of twist- 
ing moment in initial and eventual sections of 
transmission; /, —moment of inertia; M} — per- 


manent loading moment; M(t) — a variable loading 
moment. 
Initial conditions look like: 


o(x;0)=a,, M(x,0)=M,, (4) 


The solution of the resulted system is executed on 
the basis of method of eventual differences, ground- 
ed A.A. Samarsky (Samarskiy & Sobol 1963). For 
approximation of particular derivatives it is neces- 
sary to apply a net model with the error of order O. 

For this purpose the system is taken to the kind: 














07 dao 1 ƏM ƏM 
a a Daar Aaaa 
ot ox kik, odt Ox 
xe lo; L], t>0. (5) 
As a result of approximation net turns out: 
x =i- h, i=0.1,...7, 
t=j:hħ, j=O1L....n, 
t=j:hħh, j=0.1.on. (6) 
The ending-difference system looks like: 
O; j 720; ; +O; j L Oj 720; j t Oj 
hy hy | 


M; 4 — 2M; + M; ; -2M,,+M 


i, j+l 2 1 _ g Mins : Ay (7) 
h, hy 
Initial conditions: 
0,) =@,,1=0.1..,n-1, 
O, 0 = Wx > 
O,, =@,), 1=1.2,..,n—-I, 
Mio =M, 5 i=0.1,....n—1 5 
M; =M jo 5 i=1.2,....n—l . (8) 


Scope terms: 


h 
O41 => (Ma —~Mz), j=1.2,..., 
d 


h 

On, j+ =M; - M; (o, Saya), 
0 

Mo j+1 = Mos Mju ZMN): 


A calculation chart, which is a result of four-point 
approximation: 


0,) =0,,1=0.1..,n-1, 
D0 = OK ; 
0;, =@,), 1=1.2,..,n-1, 


h 
M1 == (Me —M,,), 


0 
h 
@,,=—-(Mx —M,), 
h 
h ; 
Mo j41 =— (M; -My), J D, 9 
Ty 
ha 
Q; 41 = ay Oa — 20, ; + w. ;)+ 20; ; — 54> 
i=1.2,...n—-l, 
ha 
QO; j= oe (On, — 20, ; + w,. ;)+ 20; ; — Ø; j> 
i=1.2,...,.n—-1 
h 
On j+ =--(Mx -M3 @ j -0 ja); (10) 
0 
Mio =M,, i=0.1....n-l1, 
Mno =Mx, 
M,,=M,o, i=1.2,...n-1, 
Mo j+ =Myųy, 
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2 
a Eh E eM ;)+2M,, —M; >? 
i=1.2,..,n—-l, 

Mj = =M al J: (11) 


4 ANALYSIS OF RESULTS AND 
RECOMMENDATION ON THEIR USE 


Realization of this model allows to get the array of 
information about the conduct of parameters of 
object in space-time and also grounds for conclu- 
sions about further perfection of construction. 

As far as the receipt of new results there is a ne- 
cessity of the further working out in detail, involv- 
ing of new groups of parameters that complicate 
mathematical models. At the same time, modern 
facilities of computing engineering, due to the in- 
crease of fast-acting and volumes of memory, allow 
to successfully decide the put tasks, and it deter- 
mines the prospect of mining technique perfection. 


5 CONCLUSIONS 


The mathematical model of transmissions function- 
ing process of mining machines is based on the 
system of nonlinear hyperbolic equations of mathe- 
matical physics, which complemented the group of 
regional terms, reflecting the technological features 
of the chart. 

Application of the offered model is provided by 
possibility of theoretical researches of processes 
with the preliminary calculation of parameters of 
technology, and also construction of computer-aided 
technological charts of drive of mining machines 
designs. 
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ABSTRACT: Situational approaches to products quality management at the mining and metallurgical enter- 
prises, which are based on the mechanism of situational modeling, where components are the mining and 
metallurgical combines are presented. The mechanism of cost management aims to achieve efficiency of the 
costs regulatory process, in which the function of the optimization of the cost level is a criterion for it’s pro- 
cured. In the proposed approach, the mechanism of managing of the costs associated with providing the re- 
quired level of quality. The quality assurance process is put on the basis of such mechanism aimed at elimi- 
nation of the mismatch of quality in the production and consumption of products of mining and metallurgical 
enterprises. Method that allows to take into account this fact, is the method of total economic effect, which 
covers that at the optimal mismatch and corresponding to this cost, savings in fixed conditions of preparation 


of crude ore and steel consumption are optimal. 


1 INTRODUCTION 


Iron and steel industry in Ukraine is one of the most 
powerful in the world. At present, the production of 
iron, steel and rolling metals it occupies a leading 
position in the global economy. In Ukraine, located 
36% of the world’s reserves of manganese ore, and 
it ranks the second place after South Africa. The 
provision of mining and metallurgical enterprises of 
manganese raw materials, based on their project 
capacity is more than 95 years. The level of produc- 
tion of manganese products will enable to provide 
not only the needs of the domestic market, but also 
allow to export abroad their significant amount. The 
quality of mined ore do not satisfy the requirements 
of consumers, in connection with which all raw 
manganese ores undergo enrichment and metallur- 
gical conversion, which significantly increases the 
cost of preparing them to consume. One of the most 
important ways of increasing the effectiveness of 
the use of manganese ore resources in the steel in- 
dustry is to establish the optimal structure of pro- 
duction and consumption on the basis of further 
development of economic methods of cost man- 
agement in the mining and metallurgical industry. 
Solving issues related to the management of qual- 
ity of ore raw materials based on cost optimization 
and related adjacent tasks research of domestic and 
foreign scientists are devoted So, M.I. Agoshkov, 
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F.G. Grachev, Ya.Sh. Roizen, M.G. Novozhilov and 
other focused on solving the economic problems 
associated with the management of quality of ore 
raw materials; V.V. Rzhevsku, G.G. Lomonosov, 
V.F. Byzov, V.I. Ganitsky and other solved issues 
aimed at ensuring organizational quality manage- 
ment of ore raw materials; A.M. Erpert, 
L.P. Shupov, L.A. Barsky and other in their study 
focused on mathematical procuring of ore raw mate- 
rials quality management; L. Kaas, J. Kelet, 
K. Lemke, J. Mosteran worked on quality manage- 
ment of crude ore treated from the perspective of 
market factors. 


2 FORMULATING THE PROBLEM 


The purpose of this publication is that situational 
product quality control at mining enterprises based 
on rational management decisions based on eco- 
nomic mechanism of cost management, situational 
conditions of production and processing accounted 
in the market mechanism of production and con- 
sumption of products of the mining enterprises. 
With the transition to a market economy, a lot of 
attention is paid to the issues related to product 
quality and management. The increased interest in 
the problem of quality control is explained by the 
fact that there is a direct relationship between the 


level of product quality and the growth of national 
wealth. High product quality is fundamentally im- 
portant in terms of long-term prospects for a steady 
increase in national wealth. The higher the quality of 
the products, their reliability and durability, the great- 
er its use value and longer the values are in circula- 
tion, and this ensures the growth of national wealth. 

The quality of products is to be understood as a 
set of properties causing its suitability to satisfy 
certain requirements in accordance with its value. 
Formation of quality occurs at all stages of product 
manufacture: quality is founded at projection stage, 
is provided at the production and is maintained at 
the operation stage. 

Quality management is an important part of the 
overall industry management system and is carried 
out at the three hierarchical levels: national, sec- 
toral, and enterprise. At the national (inter-branch) 
level to the functions of the system of quality man- 
agement include: general business planning of 
product quality, cross-sectoral coordination of the 
largest events for improvement, balancing the nec- 
essary resources, standardization, organization of 
state quality control, state certification of products, 
etc. At the sector level is provided industry-quality 
planning, industry standardization and certification 
of products, activities of departmental quality con- 
trol inspections, development of moral and material 
incentives, etc. Quality management system at the 
enterprise-level provides such management services 
as planning and technical departments, reliability 
standardization, metrology services and technical 
control departments. The process of projection, 
production, sale and consumption of products is 
included to the control system in this case. Each of 
the stages of product quality formation presents its 
requirements to the management. Very important 
problem of determining the optimal quality charac- 
teristics of future products and their planning at the 
projection stage is solved. The most important func- 
tion of the quality management system is providing 
the necessary technical, organizational and operat- 
ing conditions for the planned level of quality at the 
production stage. To the fore advances the task of 
maintaining the achieved level of quality at the sale 
and consumption stage is coupled. 

The process of product quality control is reduced 
to the following issues (Mel’nykov et al. 2003): 

— establishment of quality indicators and measur- 
ing the impact on them of various factors; 

— establishing an optimum level of quality; 

—control and regulation of the optimal level of 
quality in industrial environments; 

— organization of feedback to determine the actual 
level of quality; 
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— decision making on the basis of the received in- 
formation. 

Quality of products of mining enterprises can be 
evaluated in many ways. These include useful content 
and related components, the characteristics of me- 
chanical and physicochemical properties (strength, 
mostly), etc. Dominant qualitative characteristic 
should be recognized mineral content — concentrate 
and agglomerate in the final product of the enterprise. 

In the future, we can assume that in the consid- 
ered range of variation of manganese provides an 
acceptable level of all other quality characteristics, 
so that the main task of quality management is to 
establish acceptable limits and to determine the 
optimal value of the manganese content in the final 
product (Melnikov et al. 2007). 

Let us consider the conditions which define the 
upper and lower boundaries of the mineral content 
in the concentrate and agglomerate with the re- 
quirements for the company’s products from the 
metallurgical industry of the need to increase the 
mineral content in the concentrate and agglomerate. 
However, this will inevitably lead to higher costs. 
Improving the quality characteristics is due to in- 
creased costs. And eventually costs exceed market 
prices even with the supplements for excessive con- 
tent of manganese in the product as compared with 
the base. The company’s profit is equal to zero or 
negative, and the company becomes unprofitable. 
Thus, the upper limit of the content of the useful 
component in the product is determined by the con- 
ditions of increasing base prices for high quality 
products over the cost required to produce high 
quality products. 

On the other hand, if you are not interested in 
quality problem and avoid the additional costs asso- 
ciated with its increase, such company will lose 
markets. This condition determines the lower limit 
of the content of the useful component in the final 
product of the mining enterprise. 

The problem of quality management is closely re- 
lated with presently very relevant requirement of 
orientation at final results. Quality is formed at all 
stages of the mining process and is become apparent 
in the end, not the interim results. Output characteris- 
tics (including qualitative) such a large system such 
as ore processing production, are not final for even 
greater system — mining and metallurgical complex. 
Requirements to be met by metallurgical production 
have an impact on the qualitative characteristics of 
the products of the mining enterprise, so that the 
level of quality that is acceptable when considering 
the operation of the mining enterprise alone may be 
insufficient in an integrated approach (Kovalen- 
ko 2008). Thus, the scientific solution to the problem 


of product quality and management is only possible 
when considering the mining complex as a whole. 

The advantage of situational modeling over other 
methods is the possibility of considering a large num- 
ber of alternatives, a more accurate reflection of the 
complex structure of the objects and more accurate 
prediction of the effects of various management deci- 
sions. The idea of situational modeling is simple and 
attractive. It is the ability of situational experiments to 
create a model in cases where such experiments on 
the real object are impossible or impractical. Virtually 
every model or representation of things is a form of 
imitation of the situation, so the concept of situational 
modeling is very broad, as well as its scope. 

The main feature of situation models is to carry 
out these experiments in order to obtain information 
about the options of the real system. 

Valuable quality of situational modeling is the 
ability to “act out” on the model different situations 
that can be used situational-simulation models as a 
tool for professional development specialists. 

Functional dependencies describe the behavior of 
the variables and parameters within the component 
or between components effects. Usually, functional 
dependencies are mathematical equations that estab- 
lish the relationship between endogenous and exog- 
enous variables. The relationship between the varia- 
bles can be deterministic or stochastic. In the deter- 
ministic case, the output of the system is uniquely 
determined by the information on the input. Sto- 
chastic relationships conform to the laws of proba- 
bility theory. In this case, input information has 
indeterminate results on the output. Accounting of 
stochastic relations is difficult and requires prior 
prediction of random parameters. 

There is a definite functional relationship between 
the improvement of product quality, production 
costs and production targets. If you concentrate on 
excessive improving of product quality, that dispro- 
portionate increase unit costs and it becomes almost 
impossible to plan output. At the other extreme is 
output of extremely poor quality (defect), as a result 
— loss of the market. Between these extremes is the 
best option and quality control, ensuring the highest 
economic efficiency. This option is achieved by 
compliance with such quality standards, which en- 
sure the manufacture of products with high use val- 
ue and the lowest cost and guarantees the fulfillment 
of the production tasks. The production process at 
the mining plant is a complex of closely related 
technological combinations. Therefore, the initiation 
of quality control in one area automatically entails 
the need to manage the process on the remaining 
parts of the production cycle. That is, quality man- 
agement should be comprehensive and cover all 
production processes, tying them together to give a 
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comprehensive economic evaluation of the proposed 
recommendations. 

In order to take account of such contradictory and 
multilateral requirements for quality control prob- 
lem of production, it is necessary firstly to deter- 
mine the situation related to the distribution of the 
effect of reducing the cost of quality between manu- 
facturers of quality raw materials and its customers. 
For this purpose, an economic mechanism was cre- 
ated that describes the situation for the effect of 
improving the quality of products between produc- 
ers (mining company) and consumer products (met- 
allurgical company). 


3. RESULTS OF RESEARCH 


At the economic mechanism of cost management to 
ensure the quality of crude ore, optimal economic 
value of the parameter is the cost, reflecting the 
process of quality assurance. Formation of econom- 
ic-mathematical model of optimization in this case 
differs from the traditional models, which are based 
on the method of minimal costs associated with the 
production and exploitation of production 
(Melnikov et al. 2007). 

In the proposed approach the management costs as- 
sociated with the provision of (increasing) the quality 
of products, quality is the main argument in the present 
economic and mathematical model. This fact contra- 
dicts the statement of the problem, which explores the 
process of quality assurance and associated with the 
elimination of mismatch of quality in the production 
and consumption of products of the mining enterprise. 
Method that allows to take this into account, is the 
method of total economic effect, which comprises that 
at the optimal mismatch and corresponding to this cost, 
savings in fixed conditions of preparation of crude ore 
and steel consumption is optimal. 

The method of maximum economic impact ade- 
quately reflects the quality assurance process ore raw 
materials, i.e., for the increment costs to improve 
product quality mining enterprise decreases mismatch 
and reduced costs of metallurgical enterprises. This 
method allows to consider the best use of the general 
possibility of achieving the adjusted level of quality 
assurance of crude ore, as the private criterion maxi- 
mum savings in this case meets the requirement of the 
general criterion — cost savings of social labor as a 
result of the quality assurance of mining industry. 
According to the critical value of the error, indicators 
of quality can determine the maximum allowable 
costs increase and limit the error, which is important 
in terms of the overall effect. This method allows to 
determine not only the point, but also the area of cost- 
effective values of the error indicators of the quality 
of ore raw materials (Figure 1). 
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Figure 1. Graphical representation of the economic impact 
maximum from the preparation and consumption of raw 
ore (Emin — changing mining enterprise impact at improving 
the quality of ore raw materials; Emet — changing metallur- 
gical enterprise impact at improving the quality of ore raw 
materials; Olina. — the maximum of mismatching of quality 
indicator; Adm — the limit (minimum possible) of mis- 
matching of quality indicator; Aa», — the optimal indica- 
tors of the quality mismatch; / — changes in costs of metal- 
lurgical enterprises; 2 — changes in costs of mining enter- 
prises; 3 — curve for the total economic impact of metal- 
lurgical and mining enterprise. 


Let us consider the relationship of the effect £E, 
the resulting quality assurance ore raw materials and 
mismatch Aa, actual and predetermined levels using 
the method of total economic effect. 

Function E = f(A4a@) is a dependence of the effect 


E on the error Aa of quality level in different variants 
of its approximation, which allows (Akof et al. 1971): 

— to determine the optimal value of the error indi- 
cator of ore raw materials quality; 

—to determine the area of the effective values of 
the error indicator of quality. 

Quality management involves the reduction of 
crude ore mismatch Aa, so its reduction leads to 
decrease cost and to increase losses, 1.e. 
E,,, =f{A,) and E,, = f)(4,). Let us examine 


the situations, characterizing its limit indexes. 
Situation 1. Dependences £E,,,=/,(4,) and 
E „a = fa (4, ) are presented by symmetrical parab- 


olas with axis A and apex Qlmax (Figure 2). 

The functions are symmetric, the optimum for a 
given situation is absent. 

Situation 2. Dependence £,,, = f,(4,) is pre- 


sented by parabola which described by the equa- 
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tion £=,/a,4,+b With axis da and apex Ay ina 
(Figure 3). 





Figure 2. Graphical representation of dependencies 
Ein =S(4y) and Enno = fo(4,) as symmetrical 
parabola. 
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Figure 3. Graphical 
D nia = fila) and 


parabolas. 


representation of dependencies 


Die = fal) 


as asymmetrical 


Dependence E,,, = f,(4,) also is presented by 
parabola which is described by the equation 


E=,aA,+6 with axis Aa and apex 4; max- 


Expression of the general effect is equal to the 
algebraic sum T and E nets l.e. 


A, = Jb, =[b, — fb, or bs =, +b) 2 by ; 
whereas A, max m , SO a} = a Let’s calcu- 
a 


3 
late the value of a; and b3, we can estimate the 
overall effect. Substituting for the argument values 
from 0 to QI,,,,, 1t is possible to determine the total 
effect Es that defines the area of the effective values 
of the error indicator of quality raw ore. 

Situation 3. Dependence E,,,, = f,(4,) is pre- 


a max 


sented by exponential function, E,,,, = f,(4,) — by 


parabolic function. For exponential function de- 
pendence is described by equation E=ae’” , for 


parabolic function— E =—,/a,4,+b, (Figure 4). 








E met 
Emet = h lA ) 
Olori 
Emin= fi (A, ) 
E 
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of dependencies 
and 


Figure 4. Graphical representation 


E met = h (4, ) 
E_,,, = f,(4,) as parabola. 


as function parameters 


The study data dependencies shows that when 
2e Aa 2a,A,+b,, the vertex of the 


Ay S4; opt% € 
b, 
parabola corresponds to Ql „ax =— . At 4, = QI nax 
ay 
2 —bAg max 


functions are equal, then aʻe =A,A, max +O» - 


To find the coefficient a, and by dependencies use the 


-(a,4, +b), at — 


following conversion (— E y 
Emx=90 u Aa=0; —-b, = _ £?): at E=0; 


Ay = -A? x from the theory of Mathematical analy- 
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sis implies that Ql ax = 5b, function is approximately 
1% of the initial values, so for practical recommenda- 
tions point Aa sufficiently positioned at the location 
where its value is equal to 0.01. Therefore 


ae "4emax =. 01E =0.0la,. Graph E=ae 
at Aa = 0 is characterized as E,.. =a,. 

At Apa =4 qe ma =0.01E,,,. =0.01a, . 
Following the appropriate steps and reducing by a, 
we receive e !42™ax =0.01. Doing the logarithm 


of the expression we obtain 

b Ay max = 10,01 BA mae =n 0.01, from where 
In0.01 

b, = . At the transition point axis 4a func- 





a max 
tions are equal, therefore qe Aa —a,A,—b, =0. 
Found from this equation determines the limiting 
value Aa error value quality, limiting the scope from 
Aa 0 to Aajm, 12 which a positive effect is 
achieved. 

Situation 4. Dependences £,,, = f,(4,) 


E.,,, = f(4,) are approximated by exponential 


and 


functions (Figure 5) having the form of the follow- 


bj Ag ba Aq 


ing equations LK =a,e and HK =a,e 






Bnet 
Emet = f> (A, ) 
Ql max 
0 
Emin= f, (A, ) 
Ë min 
Figure 5. Graphical representation of dependencies 


Eno = fy(4,)and E,,,, = f,(4,) as the exponential 


functions. 


Let us investigate the — situation at 
A, =0, a, =+E, a, =—-E. It is known from math- 
ematical analysis, that at OJ,,,,,= 5b, function is about 
1% of the initial values, so for practical purposes it is 


sufficient to locate the point QI,,,, where the value is 
0.01. Therefore 0.01a, = ae "240 max ; reducing by a, 


and the logarithm, we obtain /n0.01=5, ne. From 








In0.01 
where 5, = . Converting the expression 
a max 
-b>A i [n0.01 
—-E=ae°**, we obtain b= 
amax 
— 70 14a -b24æ — pla 
Ey =ae — ae =e (a-a). 


Situation 4. Dependences E„„ = f,(A4,) and 
E„„ = fi(4,) are approximated by parabola func- 


tions +£=,/a,4,+6, and an exponential curve 


-E = ae (Figure 6). 
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Figure 6. Graphical representation of dependencies 
Eno = f(4,)and E,,,=f(4,) in the form of a 


parabola and an exponential curve. 


The limiting value of the positive effect in reduc- 
ing the dispersion reaches the final value at the ap- 
proach of the error to zero. Theoretically, this final 
value is the cost of metallurgical enterprises, where 
the characteristics of batch preparation are deter- 
mined by not ore components. 

The limiting value of the negative effect in reduc- 
ing the dispersion has finite value at the approach of 
the error to zero, in theory require certain costs from 
mining enterprise associated with the natural char- 


acteristics of crude ore. At A, =0, +E =b, i 


b, w . Vertex of the parabola is Olja, 


b b 
QI max — » a —— 
ay QI max 


. At 4=0, a =-E, 
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’24amax — 0. OLE | Taking the logarithm we 
obtain /na,—b,A 


max = 1N0.01+InE Wherefrom 
_ Ina, —(n0.01-InE 
A 


a max 


Ayre 


b, . For the practical use of 
this formula point Q/ can be positioned where its 
value is 0.01. The total effect is determined by the 
expression: E, =(a,4, +b, )’* -aje 2 . 

The choice between one or other dependencies 
Emet and Emin 1S determined by the degree of their 
compliance with the character of the economic ef- 
fect and initial conditions, as well as specific to each 
case mismatch indicators of quality assurance of 
crude ore. Dependence £,,,, = f,(4,) can be ap- 


proximated by the function E=,/a4,+b and de- 
pendence Epin = ae”^a Ei, = f,(4,) by the curve 


of the exponential function E = ae’“« . Whereas the 
curves Eme are positive and Emin are negative can be 
equally as parabolic curves, as well as an exponen- 
tial function. 

Research of functions Æ = f (4, )depending on 


the change of its parameters makes it possible to 
determine the area of the effective value of the qual- 
ity index, corresponding to the cost of quality assur- 
ance, which will make it possible to determine the 
boundaries of the effective functioning of the organ- 
izational-economic mechanism of management 
quality ore processing. 

To confirm the adequacy of the performed theo- 
retical research and practical use of the conclusions 
in the quality management of the crude ore audited 
on empirical material. Initial data were used in rela- 
tion to the quality of the concentrate produced at the 
Chkalov concentrator Ordzhonikidze Mining and 
Nikopol Ferroalloy plant producing silicomanga- 
nese. The analogue of indicator of the mismatch in 
the empirical model is based on the standard devia- 
tion indicator of manganese content o, in the con- 


centrate Chkalov concentrator Ordzhonikidze Min- 
ing supplied for the production of sinter at Nikopol 
Ferroalloy plant. Decreasing the standard deviation 
for the mining enterprise associated with averaging 
useful component in the ore, which in turn holds 
additional costs associated with reexcavation of 
concentrate prior loading into rail cars. Dependence 
of cost on the error of standard deviation index of 
concentrate quality for the processing plant and 
ferroalloy plant expresses indicator by function: 


C=-E=a;4;", (1) 


where EF — losses of processing plant associated with 
the stabilization of the quality of the concentrate, 
UAH/t; a; and 5, — empirical coefficients; Ag — the 


value of the error of standard deviation of concen- 
trate quality for the processing plant and ferroalloy 
plant, %. 

Cost savings from ferroalloy plant occur as a con- 
sequence of the lack of need of averaging concen- 
trate and of reducing gas consumption associated 
with the sinterability of sinter mix. 


4 CONCLUSIONS 


The results of studies aimed at deepening the situa- 
tional approach to the formation of the economic 
mechanism of cost management to ensure the re- 
quired quality of products of mining enterprises, 
which, unlike traditional approaches, based on the 
method of cost minimization in the production and 
consumption of products. Proved that the overall 
economic effect occurs when a mismatch of the 
proposed optimal quality and consumption and re- 
lated costs that in which the savings in fixed condi- 
tions of preparation of crude ore and steel consump- 
tion is optimal. This approach makes it possible to 
determine the range of the effective values of quali- 
ty index, as well as the corresponding quality costs, 
which make it possible to determine the boundaries 
of the effective functioning of the economic mecha- 
nism of management quality ore processing. 
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Pulse method of magnetite demagnetizing 


O. Berezniak & O. Berezniak 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: The article presents experimental results of classification of magnetized and demagnetized 
suspension of magnetite concentrate. It shows a high degree of demagnetization in a pulsed mode. The aim 
of this article is to evaluate effectiveness of magnetite suspension classification with implementation of pulse 


demagnetizing method, using experimental results. 


1 INTRODUCTION 


To provide disclosure of magnetite grains during the 
enrichment of magnetite quartzite there is a need to 
mill them to a particle size less than 50 um. This 
process is carried out in ball mills with three-stage 
central discharge. Presence of the finished class in 
grinding zone reduces speed of the process and 
leads to undesirable overgrinding of magnetite 
grains. As a consequence, it increases the cost of 
magnetite quartzite enrichment. Discharge of the 
finished class is performed by external devices such 
as spiral classifiers at first stage of grinding and 
hydrocyclones at the second and third stages. The 
value of circulating load coefficient of the mill, 
which exceeds 200% in existing enrichment 
schemes, depends on the efficiency of the classify- 
ing devices. Efficiency of classification of magnetite 
particles with fineness of 50 microns in hydrocy- 
clones of HC-500 series does not exceed 80%, if not 
to take into account their magnetic flocculation. 

Magnetic separation is applied after each stage of 
grinding. As magnetite particles have residual mag- 
netization, it leads to their magnetization. Magnetic 
flocculation, occurring in suspension of magnetized 
particles, increases their effective size. It further 
decreases the classification efficiency and increases 
the coefficient of circulating load. 

Furthermore, magnetite particles less than 74 um 
are widely used in coal preparation as a weighting 
agent for dense-media separation. Magnetic floccula- 
tion of the weighting particles leads to faster delami- 
nation of suspension. It increases lower size limit of 
enriched coal and enhances error of separation. 

In general, it can be assumed that residual mag- 
netization of magnetite plays a negative role in pro- 
cess of minerals’ enrichment. Its reduction, or de- 
magnetization of particles, is a burning task. 
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2 DEMAGNETIZATION METHODS 


Ferromagnetic loses its magnetic properties when it 
is heated to a temperature above the Curie point. For 
magnetite it is equal to 580°C. Such a method of 
magnetite demagnetization is the most comprehen- 
sive, but it is unacceptable in mineral processing 
due to its high energy expenditure. 

Another demagnetization method is to place a 
particle in an external alternating magnetic field, 
with a smooth induction decrease from a maximum 
value, which should be greater than the residual 
magnetization, to zero. In this case, demagnetization 
of fixed particles will occur according to the hyste- 
resis curves shown in Figure | (Vikulov et al. 2012). 
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Figure 1. Hysteresis loops of magnetite films obtained at 
different substrate temperatures. 


This mode of external field influence can be 
achieved in special devices, which are used for 
demagnetizing. Their concept is shown in Fig- 
ure 2. Structurally, it is a solenoid — tube of non- 
magnetic material on which sections of specially 


designed electromagnet are situated. It provides a 
smooth reduction of alternating magnetic field 
induction during the magnetite particles moving 
through the tube (in the direction shown by arrow) 
while the solenoid is constantly connected to an 
AC power source. Degaussing occurs according to 
the hysteresis curves during the ejection of parti- 
cles from the solenoid, wherein the ejection period 
should be at least an order of magnitude greater 
than the period of alternating current. Capacitor is 
connected in parallel to the solenoid, providing 
currents resonance at mains frequency to reduce 
power consumption. Quality factor (Q-factor) of 
the formed oscillation circuit must be over 10, so 
the coils are made of expensive copper. For exam- 
ple, weight of the coil with the pipeline diameter 
of 450 mm reaches up to 500 kg. 


> 





Figure 2. Demagnetizing apparatus: 1 — pipe of non- 
magnetic material; 2 — coils of electromagnet; 3 — flanges; 
4 — direction of magnetite slurry flow. 


On the other hand, damped current oscillations 
can be set up in the solenoid coil, and the number 
of oscillations should be greater than 5, which is 
ensured by the appropriate quality of the oscillato- 
ry circuit. In this case, all the particles located 
inside the solenoid, where maximum magnetic 
field induction is greater than their residual mag- 
netization, will be subjected to demagnetization 
(Berezniak et al. 2012). 

For this purpose we designed laboratory appa- 
ratus for degaussing of magnetite suspension. It 
follows the design of a typical solenoid, where 
damped oscillations are excited and through which a 
magnetite suspension passes. The outer and inner 
coil diameters are 20 mm and 12 mm respectively, 
and its length is 130mm. The solenoid is a three 
layers winding of copper wire with a diameter of 
1.2 mm and comprises 300 turns. Its inductance is 
220 uH and active resistance is 0.5 Q. 


548 


Damped oscillations in the solenoid are excited 
by a generator. See the change of the magnetic 
field induction in the center of the solenoid in time 
in Figure 3. 
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Figure 3. Dependence of magnetic field induction in the 
center of the coil on time. 


3 EXPERIMENTAL RESULTS 


We carried out a research and studied suspension 
demagnetization on magnetite concentrate after 
flotation from Ore Dressing Plant “Poltavskiy” 
(Poltava ODP). Suspension of magnetite with a 
solid content of 350 kg/m’, pre-magnetized in a 
constant magnetic field with induction of 0.35 T 
and stirred, was passing through a glass tube with 
inner diameter of 6 mm, which was located inside 
the solenoid. 

Submission of suspension in the tube was imple- 
mented via funnel. Volumetric flow rate of slurry 
was 1.5:10° m’/s, the speed of its movement in 
solenoid was 0.53 m/s. Thus, residence time of the 
particles of magnetite inside solenoid was 245 ms. 
Cycle time was 120 ms, so every particle of magnet- 
ite passing through solenoid was demagnetized at 
least twice. 

Effects of alternating magnetic field on the slurry 
flow were evaluated by optical testing of pulp sam- 
ples. See the magnetized slurry optical testing in 
Figure 4 and optical testing of slurry which has 
undergone demagnetization in Figure 5. 

Analysis of the results shows that performed 
magnetic exposure leads to demagnetization of pulp 
particles and significantly reduces the size of their 
ageregates. At the same time, physical impact on 
the suspension does not affect the structure and size 
of aggregates. 





. 
a > 
+> ») 4 


+ 
` id 
én 
si Ws 
whe tne y 
. 1 
e s 


a?) 
7M r 
ee ete aA 
ey ae 
a ae we 
Pe aks 
=P d= pi~ 
+ 48 wees 68 
Egy: 
DES 


ʻi 
Dae 
"4 
* 
Aye 
was i 
rv 
” A 
~ 
x? 
_ 
r 
Zz 
+, 
Š 
Ld 
te ea 
i. ‘ 
Ss 
meee 
Sy, 
Pu, ox 


-~ 

. r“ 
e 
Ri 

$ 

3 
ta 


Ne pi 


t+ 
- 


P, 
TIA 
` TR 
~ 
[3% 
ey 
À 
ri 
~ 
a SF 
` 
’ t 
ef: “Se ` 
Ae 
AY 
a 
oe 
i 
i 
x 
< 


le : * Tih 

TOMET aE a < 
at ete + “eupr 
z „4 = 2 ` els 


eae ewok ed 
Figure 5. Demagnetized slurry optical testing. 


Study suspension was stirred in glass cylinder with 
a diameter of 55 mm and a height of 23.5 cm, and 
then the time of movement of sediment and clarified 
zone interface was recorded to determine the settling 
velocity. Lack of experimental points on demagnet- 
ized magnetite settling curve is caused by formation 
of the transition zone, consisting of magnetite and 
quartz fine particles. Only quartz particles were re- 
maining in clarified zone (Berezniak et al. 2012). 

Results of research in the form of charts are 
shown in Figure 6. 

As can be seen from graphs of magnetite settling, 
the average settling rate of demagnetized magnetite 
suspension is 3.4 times less than that of magnetized 
and 1.7 times less than that of initial suspension. 

Furthermore, we performed the study of classifi- 
cation of magnetized and demagnetized magnetite 
suspension, prepared from Poltava ODP concen- 
trate, on a laboratory model of hydrosizer. Content 
of magnetite in concentrate was 69%, and content of 
less than 50 microns particles was more than 94%. 

Results of research are shown in Tables 1 and 2. 
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Figure 6. Dependence of magnetite sediment height on 
time. 1, 2 and 3 — magnetized, initial and demagnetized 
magnetite suspension respectively. 


Table 1. Dependence of critical size of minerals on the 
flow rate in hydrosizer. 


Flow 
Mineral p e rate, A 
g mma g „H 
: 17.4 85.2 
Magnetite 5400 
6.63 52.6 
= 17.4 137.1 
Silica 2700 
6.63 84.6 


Table 2. Distribution of magnetite suspensions during the 
separation in hydrosizer. 


Calculated Product yield, % 
boundary Magnetized Demagnetized 
grain size 
for magnet- over- under- over- under- 
ite, um flow flow flow flow 
85.2 3L? 48.8 93.1 6.9 
52.6 23.1 76.9 79.7 20.3 


Suspension was classified at two upstream rates. 
As can be seen from Table | at a rate of 17.4 mm/s 
virtually all magnetite and silica particles should fall 
into the overflow product. However, after magneti- 
zation of slurry the yield of the overflow product 
was 51.2%. With nearly all the silica particles were 
carried into the overflow (with the exception of a 
small amount of beans entrapped in magnetic floc- 
cules), we can conclude that more than a half of 
magnetite particles forms floccules larger than 
85 microns. After demagnetizing the yield of over- 
flow product was more than 93%. It indicates fairly 
complete demagnetization of magnetite particles. 

At a flow rate of 6.63 mm/s more than a half of 
the magnetite and all silica particles should fall into 
the overflow. However, less than 20% of magnetite 
particles fell into the overflow product as a result of 


magnetic flocculation. As follows from Table 2, 
quantity of magnetite with particle size of less than 
53 microns that fell into the overflow product after 
demagnetizing is 3.75 times greater than without 
demagnetizing. That also indicates a sufficiently 
complete demagnetization of magnetite particles. 


4 CONCLUSIONS 


To sum up, putting the demagnetization apparatus 
before the operation of classification of the ground 
product will significantly reduce the circulating load 
of the mill. Thus, the application of the pulse meth- 
od of magnetite demagnetizing in the flow chart of 
magnetite quartzite enrichment will improve its 
overall efficiency and reduce energy costs. 
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Functions and properties of a logistics system 


in sustainable enterprise development 


L. Shvets 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: The main objective of the article is to point out the importance of correlation between sustain- 
able enterprise development and economic and logistics development of the enterprise. The case study of 
sustainable enterprise development in the tumultuous environment lead to the number of important conclu- 
sions — the restrictions factor and ignoring its negative effect should be taken into account in the enterprise 
management and efficient logistics system building. The author created conceptual framework of sustainable 
enterprise development and described elements of sustainable enterprise development as a foundation for lo- 
gistics system of enterprise. This issue should be investigated further. Basic principles system should be 
formed for a logistics system in the context of sustainable enterprise development. As well as conceptual ap- 
proaches should be formed to logistics system building based on sustainable development concept. 


1 MAIN PART 


In the modern management context most enterprises 
are managed logistically and strategically to mini- 
mize logistical channels costs and provide marketa- 
bility. Enterprise development strategy may be used 
to build an efficient logistics system for consistent 
management of information and commodity flows 
between suppliers, enterprise and consumers. In the 
context of changing market and incomplete appro- 
priate strategy standards, a logistics system is often 
built abruptly and inefficiently. Such logistics sys- 
tems are built ignoring important economic, social 
and environmental factors. 

To summarize basic modern theoretical and me- 
thodical achievements in sustainable enterprise de- 
velopment and to consider the proven experience of 
leading enterprises special mention should go to fac- 
tors withstanding restrictions and being important in 
logistics system building, such as: expeditious sci- 
ence and technology advancement, organization and 
realization of environmental, eco-friendly and re- 
source-saving measures, innovative activity increase 
in enterprise with new resource saving and other 
factors of socioeconomic, productive, ecological 
and institutional influence. 

The case study of sustainable enterprise develop- 
ment in the tumultuous environment lead to the 
number of important conclusions — the restrictions 
factor and ignoring its negative effect should be tak- 
en into account in the enterprise management and 
efficient logistics system building. The efficient im- 
plementation of economic, social and environmental 
plans of sustainable enterprise development and the 
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following logistics system building demands appro- 
priate investment, organization and institution. 

The enterprise activity may be determined as a re- 
petitive process, thus logistics management may be 
distinguished as a closed managerial cycle, which is 
also repetitive. Logistics management is distinguished 
as the cyclic process by structural, processing and 
functional approaches, which are closely related. Lo- 
gistics management is naturally related to the theory 
and practice of marketing and management, meaning 
connection of production and realization with the ac- 
tual effective demand, the sales promotion through 
advertisement, the flexible pricing policy (margins 
and discounts), the search for new sources of income 
generation, etc. Dialectic engagement and conver- 
gence of logistics, marketing and management result 
in the economic impact (Khadzhynova 2013). 

The main condition of sustainable enterprise devel- 
opment is sustainable financing of measures, arranged 
for harmonious enterprise development in social, en- 
vironmental and economic aspects with due regard to 
concerned parties’ expectations, as well as economic 
instruments enhancement. While noting the value of 
investment provision of the sustainable enterprise de- 
velopment, it’s important to remark that the sustaina- 
ble development foundations cannot develop without 
active governmental involvement in regulation of in- 
novative investment support for enterprises that ac- 
tively implement environmental and social programs, 
and have social and economic value for the civil soci- 
ety development (Prokopenko 2014). Thus the build- 
ing of the enterprise logistics system should be 
founded on the conceptual framework of sustainable 
enterprise development (Figure 1). 
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Figure |. Conceptual scheme of sustainable enterprise development, like a foundation for logistics system building™. 


*developed by the author 


In the Modern economical dictionary sustaina- 
ble enterprise development is defined as “finan- 
cial status of an enterprise, where business activi- 
ty ensures under the usual conditions fulfillment 
of all responsibilities towards employees, other 
organizations and government through sufficient 
income and according to income and expendi- 
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ture” (Rayzberg 1999). So the sustainability of 
the enterprise level is usually determined by its 
financial status. 

A.V. Sevastyanov defines sustainable development 
as sustainable excess of income over expenditure 
through its efficient management, which promotes pro- 
duction and realization of goods (Sevastyanov 2004). 


According to O.V. Zetkina sustainable develop- 
ment is profitable production and trade activities of 
an enterprise, promoted by improving production 
resource efficiency and business management, sus- 
tainable financial status, promoted by improving 
capital structure, as well as sustainable development 
of business capacity and social development of per- 
sonnel while keeping self-financing in conditions of 
external environment (Zetkina 2003). 

Logistics system is business management control- 
ling mechanism of product and information flows, 
which includes real assets enabling goods flow 
along logistic chain (warehouses, shipping and re- 
ceiving mechanisms, transport), production supplies 
and control over all links in the chain. Logistics sys- 
tem is an adaptive, closed cycle system, which per- 
forms certain logistic functions and operations. 
Usually it consists of several subsystems and is 
widely connected with external environment (Ko- 
blyanska 2011). 

According to L.V. Dubchak logistics system is a 
system with adaptive properties, which performs lo- 
gistic operations and functions, is widely connected 
with external environment (Dmytrychenko et al. 2007). 

T.N. Skorobohatova defines logistics system as 
assembly of functionally relative elements, which 
aim to fulfill the main objective of logistics — deliv- 
ery of goods in the right quantity and of the right 
quality, in the right time and place with the mini- 
mum expenditures (Skorobohatova 2005). 

According to T.V. Alesynska logistics system is a 
dynamic, open or stochastic, complex or big closed 
cycle system, which performs certain logistic func- 
tions (Alesynska 2005). 

Thus logistics system building in conditions of 
sustainable enterprise development may be defined 
as an assembly of closely related elements, which 
are adapted to internal and external environment and 
perform logistics operations consistently. 

Logistics system in conditions of sustainable en- 
terprise development is defined as consistent man- 
agement controlling mechanism, which consists of 
an assembly of elements (warehouses, shipping and 
receiving mechanisms, transport) and their rela- 
tions, performed in order to promote sustainable 
economic (commercial sustainability, financial sus- 
tainability, organization sustainability, production 
and technical sustainability), social (personnel sus- 
tainability, income sustainability) and environmen- 
tal (resource sustainability, ecological sustainabil- 
ity) enterprise development. 

Internal economic factors include: production and 
delivery of goods, and enterprise’s marketability. 
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Other internal factors are resource availability, re- 
source saving technologies, etc. Internal factors also 
include rate of turnover, ratio of enterprise salary to 
industry average salary, personnel qualification and 
motivation, etc. (Yeletenko 2008). 

Thus sustainable production enterprise develop- 
ment and logistics system building on its foundation 
need more than static enterprise sustainability and 
dynamic production enterprise sustainability (Tra- 
chuk 2014). Sustainable enterprise development al- 
so need constant increase of production, sales 
growth and improved environmental and social el- 
ements of sustainable development. 

In the context of logistics system building, con- 
stant sales growth should lead to increase of income, 
which is one of the sources of company develop- 
ment, like wealth funds building, dividend growth, 
increase in net cash flow, rise in company. 

However, logistics system, which helps to expand 
production, should also increase resource efficiency 
at enterprise (Honcharov & Kostyuk 2012). 

Besides, environmental development is also im- 
portant, as well as all its elements: resource saving, 
mitigation of environmental impact, and environ- 
mental remediation (Figure 2.). 

Dynamic enterprise sustainability is formed as a 
result of various influence (as well as logistics in- 
fluence) of following tools: personnel development; 
personnel training; improvement of social and eco- 
nomic level if personnel; ecological production; 
marketing tools for sales growth that accommodate 
economic growth; Innovations and R&D; invest- 
ment activity (Trachuk 2014). 

Thus logistics system should provide costs mini- 
mization and marketability, as well as external 
(market) and internal sustainability (internal enter- 
prise development). 

External enterprise sustainability (external enter- 
prise development) is external environment factors, 
which have “positive” influence on enterprise per- 
formance. External sustainability includes global, 
regional and national sustainability. 

Market enterprise sustainability (market enter- 
prise development) forms market capacity, potential 
sales in conditions of competition, which influences 
on internal sustainability. 

Internal enterprise sustainability (internal enter- 
prise development) is defined as state of an enter- 
prise, that is formed with managerial tools, which 
provide efficient work of an enterprise, and consists 
of economical (production, technological, invest- 
ment, financial and organization sustainability), so- 
cial and environmental sustainability. 
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Figure 2. Elements of sustainable enterprise development, as foundation for logistics system building. 


* developed by the author 


2 CONCLUSIONS 


Strategic management of logistics system in condi- 
tions of sustainable development is defined as high- 
ly professional management with its own logistic 
structural specialization, which aims at survival and 
development of logistics enterprise system in indef- 
inite external environment, which includes corpo- 
rate planning as strict task and specific subsystem. 

Sustainable development as a foundation for lo- 
gistics system should be comprised of three basic 
principles: 

— provided balance between economic and envi- 
ronmental enterprise developments; 

— provided balance between economic and social 
community spheres, which means maximal use of 
resources, provided by economic development; 
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— solution of development problems that influence 
on the present generation, as well as following gener- 
ations, which have the same rights for resources. 


REFERENCES 


Alesynska, T.V. 2005. Logistics basics: general issues of 
logistics management. Taganrog: 121. 

Dmytrychenko, M.F, Levkovets, P.R., Tkachenko, A.M., 
Ignatenko, O.S., Zayonchik, L.G. & Statnyk, I.M. 2007. 
Transport technologies in logistics systems. Kyiv: In- 
formavtodor: 167 — 168. 

Honcharov, Yu.V. & Kostyuk, H.V. 2012. Methodological 
aspects of logistics building at light industry enterprise. Ac- 
cess mode: www.problecon.com/pdf/2012/3_0/97_107.pdf. 

Khadzhynova, O.V. 2013. Sales management logistics 
strategy of diversified production enterprise. Economics, 
enterprise organization and management. Donetsk: 23. 


Koblyanska, I.J. 2011. Methodological fundamentals of 
environmental logistics management of production en- 
terprise. SumDU: Economics of natural resource man- 
agement and protection of the environment: 21. 

Prokopenko, O.V. 2014. Sustainable development of the 
enterprise, region, society: innovative approaches to its 
providing” Poland: Drukarnia i Studio Graficzne Om- 
nidium: 474 

Rayzberg, B.A. 1999. Modern economic dictionary. Mos- 
cow: INFRA-M: 479. 

Sevastyanov, A.V. 2004. Methods and mechanisms of in- 
dustrial integration processes management. Moscow: 
Delo ltd: 243. 


555 


Skorobohatova, T.N. 2005. Logistics: work book. Simfe- 
ropol, 2™ edition: 116. 

Trachuk, A.R. 2014. Energy potential as element of poten- 
tial sustainable development of production. Access 
mode: http://tef.kpi.ua/konf/tez_2014 1 _179.pdf. 

Yeletenko, O.V. 2008. Controlling mechanism of enter- 
prise logistics system. Bulletin of the Lviv Polytechnic 
National University, No 628: 494 — 498. 

Zetkina, O.V. 2003. About management of sustainable en- 
terprise development. Moscow: Audit-UNITY: 134. 


This page intentionally left blank 


Theoretical and Practical Solutions of Mineral Resources Mining — Pivnyak, Bondarenko & Kovalevska (eds) 
© 2015 Taylor & Francis Group, London, ISBN: 978-1-138-02883-8 


Personal’s industrial behavior management as a tool 


to improve company’s effectiveness 


O. Grosheleva & O. Usatenko 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: An effective mechanism of managing the personal’s industrial behavior to achieve the goals 
and best results of company’s activity is developed. Proposed classification of potential’s and motivation 
factors, as well as the model of personal’s industrial behavior management allows establish the relationship 
between these variables and offer managerial tools applied, ensuring achievement of company goals. 


1 INTRODUCTION 


The key feature of modern economic condition is 
the saturation of markets in goods and services. It is 
a sound problem for any company that wants to gain 
a foothold and develop its market share, finding 
additional sources of long-term competitive ad- 
vantages, activation of which leads to increased 
competitiveness. 

Today, experts advise to look for sources of this 
kind of advantages in the areas of business, which are 
the least amenable to being copied by competitors. As 
priorities the intangible assets, including company’s 
staff are considered. So, it’s a topical question for 
managers to develop and implement such mechanism 
that can transform a passive performer of duties into 
an interested participant of the production process 
encouraging him to implement his potential to com- 
pany’s favor. Other words now it’s very important to 
develop an effective system, which allows to detect 
and to form a true source to achieve the high level of 
company’s competitiveness in a long term. 

Since the 50" years of XX century academics and 
executive managers as a source of high level of 
company’s performance consider organizational 
behavior (Latfulin & Gromova 2004, Spivak 2000, 
Ashirov 2006). An important part of the organiza- 
tional behavior is an industrial behavior (Shekshnya 
2002), which is formed under a number of factors. 
In particular it is important to develop the manage- 
rial tools which allow activating appropriate levers 
to learn and form the relevant to the strategic objec- 
tives type of the industrial behavior. 

To achieve the company’s objectives managers 
use all available recourses. It means that personal 
should perform certain operations, it is called indus- 
trial functions. It is more correct to use such term as 
“industrial behavior”. 
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2 PRESENTATION OF THE MAIN RESEARCH 


The main duty of human recourses management 
(HRM) is to ensure each staff s industrial behavior, 
which is necessary to achieve company’s objectives. 
The effectiveness of HRM is determined by the 
level of implementation of company’s objectives. 

The efficiency of each individual employee and 
the team as a whole depends on the potential and 
motivation (Figure 1). 

According to (Maslov 1999) employee’s potential 
determines as labor capacity, resource capabilities in 
the labor, determined on the basis of age, physical 
abilities, existing knowledge and professional skills 
and qualification. 

An important assignment for management is to 
form and to use employees’ potential and to sub- 
stantiate the optimal quantitative and qualitative 
characteristics corresponding to the chosen strategy. 

One of the key tasks, the basics of the staff's in- 
dustrial behavior management is to propose to the 
employees such sort of duties which fit the best to 
their skills, abilities, aptitudes, interests, individual 
socio-psychological characteristics. 

However, only a strong combination of motiva- 
tion and professional skills provide the necessary 
staffs industrial behavior, and through it- the 


achievement of the results (company’s objectives). 

Employees’ motivation is one of the most im- 
portant tools to increase the productivity. While 
there are quite different performers in the compa- 
ny (according to their age and qualification as 
well as to the occupied positions/work places and 
the stages of their career, staff's motivation 
should include several systems, due to which it is 
possible to encourage to the labor activity all em- 
ployees of the company. 


THE OBJECTIVES OF THE COMPANY: 
e Shortterm (productivity, quality, flexibility, satisfaction); 


e Mediumterm (competitiveness developmen); 


e Long-term (survival) 
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Figure 1. The model of industrial behavior management in the context of company’s objectives achievement. 


No doubt that there is a tight dependence between 
the staffs’ performance and the level of their mone- 
tary interests. Eloquent in this context is the struc- 
ture of incomes of Ukrainian citizens (Figure 2) 
(http://www.ukrstat.gov.ua). 


Social transfers 
Profit and mixed in a natural form, 13% 


income, 15% 







Received current 
tranferse, 3% 


Social wellfare, 
21% 


/0 


Salary, 


42% Incomes from 


property, 6% 
Figure 2. The structure of the Ukrainian citizens’ incomes. 


It is known that the salary has two main func- 
tions: reproductive and stimulating. Surely if the 
level of the salary is almost equal to the living wage 
(at the end of the 2014" it was 1218.00 UAH per 
able bodied person) the salary plays just the repro- 
ductive role. If its level is much higher it could play 
also a stimulating role. 
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The development level of the modern human sug- 
gests that the variety of his/her needs, which motivate 
him/her to the high level of performance, is much more 
complicated than just the monetary ones. But the real 
activation of other reasons is possible just in case if the 
amount of the received remuneration is not less than 
the industry’s average level (Usatenko & Skripkina 
2011).The statistics describing theaveragesalaryof 
different types of economic activitiesinUkrainein2014 
is Shown in Figure 3 (http://www.ukrstat.gov.ua). 


Health care and social.. | 
Education 
Professional science.. | 
Real estate transations | 
Finances and insurance 


Information and.. | 


Transport | 
Wholesale and retail 


Construction 





Industry 





0 3000 6000 9000 
Figure 3. Average salary of different types of economic 
activities in Ukraine in 2014. 


The practical experience shows that an important 
condition to increase the interest of employees to 
work is to use methods of intangible incentives. 

There are a number of methods of intangible 
motivation: 

— favorable socio-psychological climate in labor 
collective; 

— favorable working conditions; 

—employee’s career promotion; 

— additional leave; 

—oral and/or written acknowledgment from the 

management for the effective operation; 

— corporate events etc. 

It is necessary to stress out that tangible and in- 
tangible motivation could make strong, but not a 
lasting impact on employee. Tangible and intangible 
motivation implies the existence of incentives pro- 
vided by the third side that makes the employee to 
perform a set of actions, often not for inner satisfac- 
tion but to get the promised compensation in mate- 
rial or immaterial nature. The strongest kind of mo- 
tivation which directs an employee to achieve the 
best result is the internal motivation. But there is 
one compulsory condition: it should be in coordina- 
tion with the tangible and intangible motivations. 

The system of internal motivation is connected 
with the content of the activity and with the em- 
ploy’s personal interest in the results of this activity. 
Also it is connected with the performer’s under- 
standing of the meaning of his/her activity, with the 
possibility to implement his/her knowledge, abili- 
ties, experience or to develop skills. First of all in- 
ner-motivated person strives to implementation of 
his/her potential. That’s why such employ constant- 
ly improves his/her professionalism, enhances 
knowledge, and enriches experience. 

Before the economic crises of 2008 companies 
and personal in Ukraine, Russia and other well de- 
veloped countries accustomed to stimulate any ac- 
tivities by material incentives. Today it’s a sound 
problem to restrict the budgets. So such interperson- 
al skill of managers as the ability to inspire their 
employees to work hard without using material 
incentives is becoming more and more important. 
The research of Kelly Services (http://www.kelly- 
services.com)—one of the biggest international 
companies providing decisions in the sphere of 
HRM ~— proves, that 44% of respondents considers 
in the conditions economic crises intangible motiva- 
tion as the most important one. Only 40% of re- 
spondents think that the more important is the 
tangible one. 

A number of research works are dedicated to 
learn the factors of tangible motivation. But much 
less attention is paid to learn the factors of intangi- 
ble and internal motivation. To overcome this con- 
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tradiction Joint Stock Company “Dnipropetrovsky 
Plant of Repair and Construction Passengers Rail- 
road Cars” (JSC “Dniprovagonrembud’’) was re- 
searched. “Dniprovagonrembud” is one of the oldest 
industrial companies of Ukraine, the main industrial 
basics of Ukraine to meet the needs of railroad in 
capital repair and modernization of passenger rail- 
road cars, wagons for narrow international traffic. 
The passengers railroad cars are converted into the 
wagon — saloons, technical and touristic wagons in 
the Plant. The company performs thorough — recon- 
ditioning passenger railroad cars of all types, oper- 
ated on the railroads of CIS and international traffic. 
During the economic crises till 2009 the company 
was unprofitable. But since 2010 it starts to get 
profit. The level of the profitability during this peri- 
od was from 4 to 7%. The workers and executive 
officers of the company were interviewed. On the 
whole 51 employees of the company were surveyed 


(6% of the average company headcount). It proves 
the validity of the sample. The main results are as 
the follows. At least two factors classified as the 
internal motivation motivate employees. The most 
universal factors are the follows: 

— the interest to the work (64% of the respondents); 

— granting the right to make decisions (50%); 

— the possibility to improve the qualification (36%). 

The meaning of the factors is almost independent 
of the position of the performer and of the content 
of his/her duties. On the other hand the significant 
impact on staff motivation causes relationships in 
the team and the manager’s recognition of the sub- 
ordinates’ labor merits. The last two factors belong 
to intangible motivation. Taking into account all 
possible factors of motivation (accept for tangible 
motivation), plant’s staff is more interested in those 
which supports the internal motivation (68%), than 
the intangible one (32%) (Figure 4). 


Intangible motivation, 32% 





Internal motivation, 68% 


Figure 4. The ratio of the factors of internal and intangible 
motivation of the employ. 


The integral index, which reflects the well- 
being/distressof the individual’s position in the 
workplace, is job satisfaction, which includes an 
assessment of interest in the work, satisfaction with 
relationships with employees and management, the 
level of claims in professional activities, the satis- 
faction of conditions, labor and others (Fetiskin et 
al. 2002). This index includes factors of internal and 
intangible motivation. The average level of job sat- 
isfaction of workers and executive officers is corre- 
spondently 60% and 68.2%. The higher the index is, 
the better the professional feelings of the employees 
in the company are, and vice verse. 

Taking into account that 86% of the employees 
consider the level of their job satisfaction as the 
“average” and the 7% consider it as the “low”, so 
improving it to the level of “high” it is possible to 
impact the industrial behavior of the staff as well as 
the results of the staffs activity (Figure 5). 
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Figure 5. The level of the staffs job satisfaction. 


During the research the correlation (direct) de- 
pendence of productivity of employees by job satis- 
faction was proved (Figure 6). The last one is calcu- 
lated as follows: 


PERN (1) 


an 


where Q,—the number of employees who retired 
voluntarily or at the initiative of the company’s 
administration entities; Q,,, — the average number of 
employees, entities. 

Any motivation system (tangible, intangible or in- 
ternal) can be implemented in the context of a posi- 
tive or a negative reinforcement. Most of all man- 
agement concentrates on a positive reinforcement 
(wage increases plans, improving working condi- 
tions, the right to make decisions, etc.). However 
such situation could happen, when in order to solve 
specific production problems it is necessary to use 
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the negative reinforcement (for example, staff’ s vio- 
lation of working discipline is being punished by a 
fine, which is an element of negative reinforcement). 
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Figure 6. The dependence between the productivity and 
Index of job satisfaction. 


The advantage of any research is the possibility of 
its results implementation into the practice of real 
business. The difficulty of constructing an adequate 
motivational system is the need for a balanced inclu- 
sion of elements of each of the three above men- 
tioned systems of motivation. The overestimation of 
any of the subsystems that ignores the current situa- 
tion of the company’s activity, as well as the real 
incentives which reflects an exact industrial behavior 
of the employees, could led not only to decreasing of 
the motivational level, but also to deterioration of the 
efficiency indexes of the company. That’s why it’s 
dramatically important to managers to understand 
what exactly is the really meaning for the perform- 
ers, what encourages them to the activity and forms a 
true desire to achieve the company’s goals. 

It is important to solve these problems at any stage 
of the staff's life cycle in the company, beginning 
with the moment when the position is just planning 
in the company and finishing the moment, when the 
employ is leaving the company. Timely resolution of 
the matter at the earliest stage of the life cycle reduc- 
es the costs associated with incomplete or non opti- 
mal utilization of labor resources caused by improp- 
erly constructed motivational system. The experts of 
the management recommend using the conception of 
HRM according to which the work steals up to the 
person with the most complete view of his abilities 
and desires. Incorrect assessment of the staff's abili- 
ties (its potential) makes it impossible perform its 
duties efficiently, even if the performer would desire 
it very much (the high level of motivation). Other- 
wise, even if the level of potential is very high, but 
the level of motivation is too low, it means that the 
company overpays foe the high quality recourse, 
which is not used efficiently. 


Consequently, managers require specific applied 
tools that would allow on the stage of selection to 
identify those factors of motivation that will be 
important for the employee. This need is possible to 
meet if we consider a relationship between the level 
of potential and motivation factors (Figure 7). 


Internal 
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Low @Medium— High 
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Figure 7. The correlation between the level of potential 
and the motivate factors in the process of staff's industrial 
behavior management 


It was shown that it is much easier to assess the 
potential objectively, so it’s important to point out 
the directions of its influence on the structure of the 
factors, which will encourage employees to the high 
level of the productivity (it means that it will help 
the company to form the staffs desirable industrial 
behavior).The carried out researches have revealed 
the presence of these dependencies: 

— for the employees with the low level of poten- 
tial equitable ratio is as follows: 


The factors The factors of 
of tangible intangible 
motivation motivation 


The factors 
of internal 
motivation 


> > 


— for the employees with the high level of poten- 
tial equitable ratio is as follows: 


The factors The factors of 
of internal intangible 
motivation motivation 


The factors 
of tangible 
motivation 


> > 


—the staff with the medium level of potential 
takes the middle position: if the potential is increas- 
ing, it is necessary to focus on the second correla- 
tion. Otherwise, if the potential is decreasing it’s 
more correct to focus on the correlation 1. 

In the figure the direction of the arrow shows in- 
dicated correlations in the context of changes the 
significance of the motivate factors: from the least 
to the most significant factors. Obviously to im- 
prove the efficiency of the industrial behavior man- 
agement the indicated correlation should be imple- 
mented in the developed human recourses policy. 
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3. CONCLUSIONS 


To achieve a high level of competitiveness, which is 
a basic to the viability of the company in the long 
term in a market economy, it is important for man- 
agement to focus on creating and maintaining long- 
term competitive advantages. 

The staff's industrial behavior directed to the 
company’s objectives achievement is to consider as 
the source of the long term competitive advantages. 

The factors which determine the staffs industrial 
behavior are their abilities and desire to work hard on 
their positions. It is important for management to have 
an applied instrument to asses these factors as well as 
to manage theme to implement organization’s strategy. 

The developed classification of the factors of the 
motivation and of the potential allows setting the 
relationship between these variables and offering 
management the applied tools, ensuring the effi- 
ciency of industrial behavior of employees. 

The further researches should be conducted in the 
direction of finding quantitative characteristics that 
measure the level of potential and motivation of 
employees. 
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Formation of marketing strategy of nonprofit organizations in Ukraine 


O. Varyanichenko & M. Ivanova 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: The study examines the main approaches to the formation of marketing strategy of nonprofit 
organizations, sources of finance and evaluation of social efficiency in terms of Weisbrod’s value. 


1 INTRODUCTION 


International experience requires the formation of 
marketing strategy in non-profit organizations 
(NPOs) in Ukraine. The marketing approach to non- 
commercial activity allows on the one hand, meet- 
ing important social needs of society at a level of 
quality, and on the other hand, the best use of the 
sources of NPO funding. 


2 METHODS, RESULTS AND DISCUSSION 


All kinds of marketing planning in the noncommer- 
cial sphere are closely linked with the formation of 
corporate social responsibility (CSR). NPOs need 
public relations with the media, visitors, contractors, 
and concerned parties to create their own unique 
image and strong reputation, which in turn allows 
them to attract the interest of private, corporate and 
public investors (Figure 1). 

The development of a PR-campaign program, 
information materials, non-financial reports and 


Organiza- 
tion’s image 
creation 


Con- 
cerned 
parties 


Figure 1. Directions of marketing planning in NPOs. 
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training programs for potential donors (both pub- 
lic and private), sponsors and partners in Ukraine 
should be the first and vital step in NPO’s market- 
ing strategy of conquering the national market. 
The second step is working-out partner proposals 
to large companies that are leaders in their field, 
for joint CSR activities. 

Analysts from the Corporate Social Responsibil- 
ity Centre have analyzed the web sites of 100 largest 
companies in Ukraine, whose shares are being quot- 
ed on international stock exchanges. The authors 
have developed the so-called Index of transparency 
and accountability of companies in Ukraine. The 
companies’ activities were estimated according to 
four criteria: accountability (availability of non- 
financial reports); transparency (disclosure on their 
key CSR activities); navigation (freedom of access 
to any information about the company’s CSR activi- 
ties); accessibility (ease of using the website from 
various view-points such as the language, the avail- 
ability of contact information, or accessibility for 


people with disabilities). 


Receiving ex- 
ternal support 


Public and 
private funds 


Public and 
local au- 
thorities 


According to the investigation, eleven companies 
(10.3% of the total) have reached 50% of openness, 
which may be considered an “adequate” level of 
openness and transparency. In addition to the non- 
financial reporting available, the top ten companies 
on the Index have also met the other estimation cri- 
teria (description of social and environmental pro- 
jects). The top ten companies that could be given 
the highest Index are shown in Table 1. 


Table 1. The top ten companies according to the Index of 
transparency and accountability in Ukraine*. 


Points 


Place Company (200 max) Percentage 
l DTEK 160 80.0 
2 Metinvest 146 73.0 
3 Obolon 140 70.0 
ArselorMittal 
4 Krivoy Rog 122 61.0 
5 SCM 119 59.5 
6 Kyivstar 117 58.5 
7 Interpipe 106 53.0 
Ernst & 
8 Young 105 52.5 
Ukraine 
METRO 
9 Cash & 104 52.0 
Carry Ukraine 
10 Galnaftogas 103 51.5 


*Research Center “Development NPO” (2010) 


In our opinion, partner relations may be effective- 
ly started by involving a company’s employees into 
NPOs’ volunteering activities with joint elaboration 
of an appropriate PR-campaign, both local and 
international. 

The following activities are promising for coop- 
eration: 1) Pro Bono / free services to NPOs and 
their beneficiaries; 2) humanitarian aid, discount 
programs for an NPO and its beneficiaries; 
3) attracting resources from sponsors. 

In addition, NPOs can offer services (including 
paid services) to their potential business partners, 
such as consulting and arrangement of charitable ac- 
tivities. These include: 

— consultations on choosing fundraising ideas and 
projects that are individually suited to specific prob- 
lems; development of projects and assessment of 
their efficiency; legal and accounting consultations; 

— arrangement and planning of charitable activi- 
ties for donors; 

— preliminary assessment of projects for donors; 

— information on the most pressing social prob- 
lems of the region for donors; 

— development and selection of individual fund- 
raising ideas and projects that best suit the customer 
(the donor) on the basis of mini strategic planning; 
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— workshops for business (CSR themes, charitable 
giving); 

— PR-services for business (charitable giving sea- 
sons, NPOs’ and business fairs, sponsor of the year 
nominations, etc.); 

— special measures to promote a business organi- 
zation via NPOs (thematic weeks and days, local 
holidays, social contests, support for socially im- 
portant initiatives of the business organization); 

— information support through NPOs’ / partners’ 
information resources; 

— fundraising services with a joint use and in- 
volvement of resources in social projects and ser- 
vices of both business organizations and NPOs. 

Thus, as a public charity organization, an NPO 
can offer its business partner the following compet- 
itive advantages: improving the company’s image 
at the local and national level; demonstration of so- 
cial responsibility of the company; improvement of 
the intra-relationships; improved relations with in- 
vestors; coverage by the media; access to certain 
markets; appeal to the target groups; advertising of 
goods and services; being associated with high- 
quality and prestigious events; tax benefits (when 
calculating an income tax, taxable income is re- 
duced by the amount of contributions to charity - 
but not more than 3% of taxable income); attraction 
of new employees; arrangement of cultural activi- 
ties for the company’s employees, clients, custom- 
ers and partners. 

Diversification of funding sources is, in our 
opinion, a very promising part of the marketing 
strategy of sustainable development, which will 
make NPOs more self-sufficient and able to initi- 
ate and implement their own initiatives; through 
the diversification, NPOs will also become more 
attractive and reliable partners for foreign and 
Ukrainian stakeholders. 

Non-commercial purposes of NPOs’ economic 
management require both attracting external fund- 
ing, and developing their own profitable activities. 
Sources of financing of non-profit organizations are 
divided into three groups (Shekova 2002, Shekova 
2004), vis. attracted, public, and equity funds. 

Attracted financing involves donations, sponsor- 
ships, grants from various funds, membership fees, 
etc. Public financing combines direct and indirect 
subsidies from state. Equity funds include income 
from primary and commercial activities (Figure 2). 

The final stage of shaping NPOs’ marketing strat- 
egy is an assessment of their social efficiency, 
which include Weisbrod’s social index. The social 
index (publicness index) PI was introduced to de- 
termine the level of social effects production in non- 
profits to display the “relationship between the types 
of financial revenues of the enterprise and the nature 


of its services or output” (Steurer et al. 2005). In 
other words, the social index is calculated as the ra- 
tio of revenues from producing collective goods to 
the income from producing private goods. Income 
from collective goods in non-profit organizations is 
in the form of donations, grants, government subsi- 
dies and so on. 


Sources of financing 
NPO 
Attracted Public fi- Equity 
financing nancing financing 


Indirect 
financ- 
ing ing 


Direct 
financ- 


Donations Primary 


income 





Sponsor- 
ships 


Income 
from 
business 


Grants 


Member- 
ship fees 





Reserve 


endow- 
ment 





Borrowed 
funds 


Figure 2. Sources of financing NPOs in developing the 
marketing strategy. 


The production of private goods includes the sale 
of goods and services, as well as membership fees 
and sponsorships. In response to the sponsorships, 
NPOs offer advertising or PR-activities, while in 
exchange for membership fees they offer a range of 
their goods and services. 

Absolute values of the index serve as the unit of 
its measurement. Social index can take values 
from 0 to infinity. The index is equal to zero in or- 
ganizations that fully live by producing private 
goods, i.e. the fees of their members, or revenues 
from the sale of consumer goods and services. In- 
finitely large social index values are typical for 
non-profit organizations entirely involved in the 
creation of collective goods, i.e. whose activities 
are aimed at achieving social effects. Hence, these 
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organizations are only funded by donations, spon- 
sorships, grants and subsidies. 

Social index may be used to assess the level of 
self-financing in organizations. If the index equals 
zero, the organization is in full self-financing. The 
higher the social index, the lower is the level of self- 
financing in the organization. 

Most NPOs should direct their attention to plan- 
ning the strategy of attracting sponsorships that are 
the revenues from the production of private goods, 
thus automatically increasing the level of the organ- 
ization’s self-financing. In contrast to the charitable 
giving, which is a form of voluntary unconditional 
support of nonprofit activities by individuals and le- 
gal entities, sponsorships are characterized by solely 
commercial interests. 

The optimal form of possible sponsorships 1s 
corporate social investment, which is a deduction 
of money by commercial organizations for social- 
ly useful purposes. Through the sponsorship, 
NCOs receive material and financial resources 
necessary for their primary activities, along with 
the opportunities of using up-to-date means of 
communication, equipment, and of staff develop- 
ment. In turn, the sponsors may consider their 
corporate social investment as “components of 
PR-programs aimed at expanding external con- 
tacts and creating a favorable image of the com- 
pany” and “inexpensive means of advertising and 
access to prestigious entertainment programs” 
(Hjejvud 1999). In response to the sponsorship, 
NPOs can include the name of the company in 
their publications; put the company’s logo on the 
information brochures and entrance tickets for 
mass cultural activities; give the company the 
right to provide its brand and facilities for various 
events and participate in these, etc. 

Thus, sponsors may obtain both direct and indi- 
rect benefits. Direct benefits include advertising, ac- 
cess to modern sources of information etc. Indirect 
benefits are improving the company’s image in so- 
ciety, which would improve the business environ- 
ment on the whole. 

A reserve fund or endowment (reserve endow- 
ment) may become another progressive and innova- 
tive source of financing NPOs. This is a special 
form of fundraising by individuals and businesses in 
the non-profit organization. Unlike other types of 
funds, a reserve endowment is placed by NPOs in 
the accounts of banks and investment institutions to 
obtain stable interest. It is important that NPOs can- 
not withdraw the whole amount or any part of the 
endowment for their current needs, but accrued in- 
terest on the amount. 


4 CONCLUSIONS 


The marketing strategy of NPOs should be devel- 
oped by the introduction of advanced management 
techniques, which involves a combination of mar- 
keting planning, selection of optimal funding and 
assessment of the effectiveness of the measures 
recommended. 
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Development and exploitation of storages of enrichment 
process wastes as anthropogenic deposits 
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ABSTRACT: The paper shows the topicality of the development of storages of enrichment process wastes of 
mining processing plants (MPPs) in Kryvbas and that the only one solution that preserves the 
competitiveness of the production and the stable development of the region is their transformation into the 
anthropogenic deposits with the production beginning in the process of their exploitation and after the wastes 
storing finishing for the subsequent rehabilitation and conservation. The studies show that the 
implementation of the valuable component by-product extraction from the beach areas near the dike dam 
together with the technology of the combined tailings storing makes it possible to extract the part of the 
valuable component that remaining in the tailings storage at the stage of the storage filling. 


1 INTRODUCTION 


Mining processing plants (MPPs) of the iron-ore ba- 
sin of Kryvyi Rig (of Kryvbas) were started to ex- 
ploit from the middle of the last century and for the 
work term that is more than a half of the century 
they have accumulated in their storages significant 
amounts not only of the waste rock, of the process 
water but also of the valuable components that were 
not extracted from the feed mineral stock for a vari- 
ety of reasons. Today the cost price of the mineral 
raw materials production in the quarries increased 
and it is equal to the cost price of these components 
production out of the wastes of the last century. And 
the wastes storages themselves reached the highest 
possible marks and their further exploitation be- 
comes impossible. Herewith there is no land for the 
new wastes storages and the storages that are closed 
constitute a serious environmental danger to the 
whole region of Kryvyi Rig. 

Thus the transformation of the wastes storages of 
mining processing plants (MPPs) of Kryvbas into 
the anthropogenic deposits with the production be- 
ginning in the process of their exploitation and after 
the wastes storing finishing for the subsequent reha- 
bilitation and the conservation is the only one solu- 
tion that preserves the competitiveness of the pro- 
duction and the stable development of the region. 

However the existing world experience in the use 
of the recoverable resources refers to the industrial 
wastes of nonferrous, precious and rear-earth metals 
processing such as gold, platinum, copper, alumi- 
num, plumbum and zinc that is caused by the high 
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demand for these metals and the high cost of their 
concentrates (Bluss et al. 1999, Gumenick et al. 
2001, Alexandrov 2000). In addition, in the world 
practice the anthropogenic alluvial deposits pro- 
duction from the wastes storages is carried out af- 
ter the finishing of the storage exploitation and the 
stopping of the wastes storing in them. In the 
homeland conditions it is required a technology 
that enables the development of the anthropogenic 
alluvial deposits in the operating wastes storages 
without the interrupting of the ingress of new tail- 
ings. Thus, international experience cannot be 
transferred to the homeland conditions without 
adapting it to the peculiarities of the mining pro- 
cessing plants (MPPs) of Kryvbas and profitability 
of such technology should be evaluated taking into 
account the profitability of the completely mining 
processing plant (MPP). 


2 THEORETICAL STUDIES 


Studies of this issue show that for the further func- 
tioning of mining processing plants (MPP) of Kryv- 
bas the modernization of the existing technologies 
of the wastes storing with the elements of the reor- 
ganization of the storage and the implementation of 
the by-product development of the anthropogenic 
alluvial deposits are needed (Baranov et al. 2006, 
Medvedeva 2014). In this case it is suggested to ex- 
tract the concentrate that gets into the enrichment 
process wastes and deposits on the beach area near 
the floodwall (Figure 1) and to return it into the con- 


centrating bound after the map alluviation and the 
draining of the area near the dike dam. The worked- 
out area can be refilled by the enrichment process 
wastes that were spissated to the paste concentration 


Floodwalls 








that makes it possible to introduce the technologies 
of the inspissation and the storing of such pulps into 
the wastes storages that are exploited (Semenenko 
2011, Levanov et al. 2005, Alexandrov 2000). 


Anthropogenic 
allluvial deposit 


Tiers of the alluvium 


Figure |. The structure of the anthropogenic alluvial deposits formed during the wastes storing. 


By this decision the following algorithm of the 
transition to a new level of the pulp output is as- 
sumed (Medvedeva 2014): on the perimeter after fin- 
ishing of the map alluviation to start mining work of 
excavating in the beach area near the dike dam and 
then to fill the area with the highly concentrated pulp 
consisted of the slim particles and only then to move 
to the next level of the wastes storing. As a result the 
slim particles that were previously deposited in the 
pond at this tier of the alluvium do not get into it that 
ensures the successful clarification of the recirculat- 
ed water to the required standards. It is reasonable to 
implement this technology at the storages where the 
first or the second tier of the alluvium is sluiced be- 
cause it makes the extraction of the anthropogenic al- 
luvial deposits possible only at the current tier. 

During the filling of the wastes storages that are 
exploited by the homeland mining processing plants 


(MPPs) the technology of the storing is used that 
based on splitting of the perimeter of the current 
level of the retaining prism into the sections of the 
alluvium where the enrichment process wastes that 
were delivered by one hydrotransport installation 
are accumulated (Semenenko 2011). It is recom- 
mended to select the length of this section of the al- 
luvium in a range from 1000 to 3000 m that is based 
on the experience of the exploitation of the previous 
wastes storages. It is recommended to divide the 
sections of the alluvium by the subsidiary dike dams 
that were built inside the wastes storages perpendic- 
ular to the floodwall minimum into 5 alluviation 
maps. The operating procedures at the alluviation 
maps within the same section of the alluvium are 
carried out in accordance with the process schemes 
that are based on the following sequence of the pro- 
cessing steps. (Table 1) (Semenenko 2011). 


Table 1. The current process scheme of the maps of the section of the alluvium. 


The stage 
number I Il 
1 alluvium reserve 
2 drying alluvium 
3 dike dam drying 
4 installation dike dam 
5 reserve installation 


It is assumed that the duration of each of the pro- 
cessing steps is the same because while one alluvia- 
tion map is dried up, diked, equipped with the pipe- 
lines and is in reserve, the other four maps are sluiced 
sequentially by the tailings. Thus when the first map 
goes out of the reserve the works on the wastes stor- 
ing are transferred to a new tier of the alluvium. 
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The sequence number of a map in the section of the alluvium 


MI IV V 
installation dike dam drying 
reserve installation dike dam 
alluvium reserve installation 
drying alluvium reserve 
dike dam drying alluvium 


With the implementation of the by-product ex- 
traction of the anthropogenic alluvial deposits the 
operating procedures with the alluviation maps 
within one section should be changed. In this case 
with the regard to the necessity of the extraction of 
the anthropogenic alluvial deposits and the renewal 
of the carrying capacity of the beach in the basis of 


the process scheme the following sequences of steps 
should be: enrichment process wastes alluvium; dry- 
ing of the beaches; extraction of the anthropogenic 
alluvial deposit; filling of the worked-out area; dry- 
ing of the newly formed beach or the shrinkage; in- 
stallations of the floodwall; installation of the in- 
strument desk; being in reserve. 

While changing of the technological procedures 
with the new set of the processing steps it is rational 
to save the time of the map alluvium with the en- 
richment process wastes. The time of the map allu- 
vium with the enrichment process wastes is deter- 
mined by the capacity of the existing hydrotransport 
installations. It is possible to change this value only 
in the process of the modernization of the hydro- 
transport complex of the mining processing plants 
(MPPs) by changing of the pumping equipment. Not 
significant changing in the pump delivery can be 
achieved by setting of the impeller of the other di- 
ameter, by changing of the rotation frequency of the 
impeller or by air supply in the case of using the 
scheme “in one lift”. However, none of these meth- 
ods is widely used in the conditions of the homeland 
mining processing plants (MPPs) (Baranov et al. 
2006, Semenenko 2011, Medvedeva 2014). Espe- 
cially not appropriate is the productivity decrease of 
the hydrotransport installations that take away the 
tailings into the storage. Because their main task is 
to provide that the concentrating industry was not 
flooded. Thus the actual task is the task to keep con- 
stant the total pulp consumption that comes into the 
alluvial tier when the process scheme is changed. 

If the pulp consumption that is given to the map 
remains permanent then the number of the maps at 


the section together with the length of the section 
increase. In this case it is need to use eight maps in- 
stead of five. And the extraction process is started in 
every map after its drying and then the worked-out 
area is filled by the secondary processing wastes, 
the area near the dike dam is dried, the floodwall is 
dumped, the distributing pipelines are installed and 
put into reserve. The working-off time of the tier of 
the alluvium increases on 40% but it is possible to 
decrease the number of sections because one section 
can be broken up and two others can be comple- 
mented by the maps that released. 

For this approach it is important to coordinate the 
work modes of the hydrotransport installations that 
give the wastes into the maps, of the extraction 
equipment and installations that provide the storing 
of the secondary wastes. The quantity of the sec- 
tions of the alluvium corresponds to the quantity of 
the hydrotransport installations that perform the en- 
richment process wastes withdrawal. In this regard 
it is possible to reduce the quantity of the sections of 
the alluvium but the increasing of their quantity re- 
quires a capital expenditure for the pumping stations 
equipment. In this case it is possible to increase the 
pulp concentration so that a smaller quantity of sta- 
tions can provide the determined traffic and to cor- 
rect slightly the parameters of the maps. But 1f it is 
necessary to save the quantity of sections of the al- 
luvium then it is need to save the quantity of maps 
that is corresponded to them and that is possible on- 
ly while performing simultaneous processing steps. 

After the analysis of possible options the process 
scheme with the simultaneous processing steps at the 
five maps is possible to represent as follows (Table 2). 


Table 2. The current process scheme of the maps of the section of the alluvium with the by-product extraction of the 
anthropogenic alluvial deposits and the simultaneous processing steps. 


The stage 
number I II 
1 alluvium reserve 
2 crying alluvium 
extraction 
3 dike dam drying 
filling extraction 
4 installation dike dam 
shrinkage filling 
installation 
5 reserve : 
shrinkage 


For implementing of such process scheme it is 
necessary to fulfill several conditions: 

—the extraction processes should be carried out 
from the dike dam of the map without lowering of 
the extraction equipment to the beach or the extrac- 
tion equipment that is used should not require the 
drying of the beach to get started; 


The sequence number of a map in the section of the alluvium 


I IV V 
installation dike dam drying 
shrinkage filling extraction 
EA installation dike dam 
shrinkage filling 
: installation 
alluvium reserve ; 
shrinkage 
drying alluvium reserve 
extraction 
as vam drying alluvium 
filling extraction 


—the distance from the inner slope of the dike 
dam from which the wastes are considered to be the 
anthropogenic alluvial deposits makes it possible to 
start dumping of the floodwall of a new tier without 
filling of the worked-out area by the secondary pro- 
cessing wastes. 
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An application of this technology at the third 
and higher tiers of the alluvium limits the capacity 
that was released for the storing of new particles. 
The length of the beach area near the dike dam 
where it is expected to make the extraction of the 
anthropogenic alluvial deposits is 20% of the 
length of the surface alluvium. In consideration of 
that the height of the dike dam does not exceed 3 
m and the length of the beach may vary from 50 to 
500 m the extraction from the workable section at 
the current tier of the alluvium can be carried out 


Floodwalls 








from several tiers that are situated below (Fig- 
ure 2). In this case the extracted anthropogenic al- 
luvial deposit is sent for the recycling, its wastes 
are stored in the newly created area (Figure 3). 
However in the case of the extraction from several 
tiers of the alluvium a part of the anthropogenic al- 
luvial deposit remains in the body of the retaining 
prism under the floodwalls (Figure 3) and to ex- 
tract this part of the alluvial deposit is possible 
with the technology that provides the reduction of 
the capacities of the storage (Figure 4). 


Anthropogenic 
allluvial deposit 





Tiers of the alluvium 


Figure 2. The release of the additional capacity for the wastes storing through the development of the anthropogenic allu- 


vial deposits at several tiers of the alluvium. 


Anthropogenic alluvial 
deposit 






Anthropogenic alluvial deposit 
processing wastes 


Additional tier of the alluvium of 
primary wastes 


Protective slope 






Figure 3. The storing of the additional amount of the wastes after the development of the anthropogenic alluvial deposits at 


several tiers of the alluvium. 


For the extraction from several tiers of the alluvi- 
um (Figure 2 and 3) the slope of the worked-out area 
that is far from the dike dam is strengthened by the 
dumping that protects the material of the beach from 
dusting and getting wet because it contains clay and 
pulverescent particles. The anthropogenic alluvial 
deposits processing wastes should not be mixed 
with the primary deposits of the enrichment process 
wastes because the first do not contain thin, clay and 
pulverescent particles and can be stored on the 
beach. The remaining place allows to organize an 
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additional tier of alluvium and to store the addition- 
al amount of the primary deposits wastes as a pulp 
with a low concentration or with the concentration 
of a paste (Figure 3). For the drainage of the materi- 
al of the additional tier of the alluvium the protec- 
tive dumping is broken by the drilling of a number 
of wells. However in the case of the extraction from 
several tiers of the alluvium a part of the anthropo- 
genic alluvial deposit remains in the body of the re- 
taining prism under the floodwalls (Figure 3). 





(b) 


(c) 


(d) 


Figure 4. The technology of the anthropogenic alluvial de- 
posits extraction from the wastes storages that were taken 
out of service. 


In this connection for wastes storages of this type 
that were taken out of service the technology of the 
anthropogenic alluvial deposits extraction can be 
used that assumes the reduction of the capacity of 
the wastes storages (Figure 4). In the case of the an- 
thropogenic alluvial deposits extraction from the 
wastes storages that were taken out of service the 
extraction processes are started with the excavation 
of a part of the beach near the dike dam of the upper 
tier of the alluvium (Figure 4, a). Then it is imple- 
mented the reexcavation of the floodwall to a new 
location (Figure 4, b). After that the corresponding 
processes are repeated in the subsequent tiers of the 
alluvium (Figure 4, c and 4, d). Recycling wastes of 
the anthropogenic alluvial deposits are used for the 
dumping of the remaining beaches and the sections 
of the underwater alluvium to prevent dusting and 
their complete conservation. This makes it possible 
to refuse from the process water intake for the main- 
taining of the pond level, to protect beaches from 
dusting and then completely to dehydrate the core of 
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the storage covering it from above by the wastes of 
the anthropogenic alluvial deposits processing after 
the extension of the floodwalls. 

In all cases the extracted anthropogenic alluvial 
deposits can be transported to the concentrating fac- 
tory by the vehicles or the hydrotransport using as a 
carrier fluid the clarified or not completely clarified 
recycled water. Taking into account the geodesic 
level difference typical for the wastes storages con- 
ditions (Table 3) the hydrotransport of the anthro- 
pogenic alluvial deposits to the concentrating facto- 
ry can be carried out by the gravity (Baranov et al. 
2006, Semenenko 2011, Gumenick et al. 2001). The 
extracted anthropogenic alluvial deposit can be add- 
ed to the primary deposits at some point of the con- 
centrating repartition or for its processing the sec- 
tion near the wastes storage can be equipped. In the 
second case the delivery costs for the anthropogenic 
alluvial deposit and the removal of wastes of its 
processing will be minimal. 


Table 3. The geodesic level difference of wastes storages 
of mining processing plants (MPPs) in Kryvbas. 


The title of the wastes The dike dam 
storage height, m 

“Vojkovo” SMMP from 50 till 74 
cecal from 40 tll 59 
“Mirolubovskoje” 55 
ArselorMetall 
wastes storage of the InMPP 112 
wastes storage of the CMPP 10 
wastes storage 16 


of the SevMPP 


To select the parameters of mining in all the techno- 
logical solutions it 1s important to estimate the amount 
of material at the tier of the alluvium and the amount 
of the anthropogenic alluvial deposits at the tier that 
can be calculated using the following formulas: 


w= are [1--2) MOAN 22, (1) 


H sin Œ nju 
W, -sr GF _o), (2) 
H} sina 
o = 1 -£ igle- 8)» gA, o 
H 2u sin & 
L 
f= H 5 (4) 


where W — the amount of the anthropogenic alluvial 
deposits in the tier of the alluvium; B — the length of 
the zone of the alluvium; H — the height of the 


floodwall; a — excess of the floodwall crown over 
the alluvial beaches; œ -— the declivity angle of the 
external slope of the floodwall to the horizon; 
p — the declivity angle of the alluvial beach to the 
horizon; o — the dimensionless thickness of tier of 
the alluvium; 77 — the part of the beach length where 
there is the anthropogenic alluvial deposit; “ — the 
horizontal equivalent of the tier of the alluvium; 
W  — the capacity of the tier of the alluvium; g— the 
angle of the natural slope of the particles of the an- 
thropogenic alluvial deposit; L — the beach length. 

Taking into account that for the conditions of the 
wastes storages of the mining processing plants 
(MPPs) in Kryvbas ratios @ ~ o and 2a — B = 20 are 
correct it is possible to calculate with a high level of 
the accuracy that: 


o =[1-4 a=) (5) 
u 


In this case instead of the formulas (2) and (7) the 
following relations can be used: 


W = 27-0) py? , (6) 
sing 

W, = 2-00 pp , (7) 
sing 


The effectiveness of the technologies can be esti- 
mated by the value of the relative volume of the an- 
thropogenic alluvial deposit that is calculated as the 
ratio of the anthropogenic alluvial deposit amount to 
the capacity of the tier of the alluvium (Figure 5): 
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Figure 5. The dependence of the relative volume of the an- 
thropogenic alluvial deposit on the part of the beach length 
where there is the anthropogenic alluvial deposit with dif- 
ferent values of the dimensionless thickness of the tier of 
the alluvium. 
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3 CONCLUSIONS 


As a result of the studies the technical solutions 
concerning the anthropogenic alluvial deposit de- 
velopment in the mining processing plants (MPPs) 
of Kryvbas were developed, they make it possible: 

—to return to the concentrating repartition up to 
20% of the concentrate that gets into the enrichment 
process wastes and deposits on the beach area near 
the floodwall after the map alluvium and the drain- 
age of the zone near the dike dam; 

—to refill the worked-out area with the enrich- 
ment process wastes that were thickened to a con- 
centration of the pasta and to increase the capacity 
of the wastes storages; 

—to use rationally the anthropogenic alluvial de- 
posits processing wastes for the dumping of the 
beaches that left and areas of the underwater alluvi- 
um with the aim to prevent the dusting and their 
complete conservation during the anthropogenic al- 
luvial deposits development in the wastes storages 
that were taken out of service; 

—to abandon the process water intake for the 
maintaining of the pond level, to protect beaches 
from dusting and then completely to dehydrate the 
core of the storage covered it from above by the 
wastes of the anthropogenic alluvial deposits pro- 
cessing after the extension of the floodwalls. 

For the first time it was proposed and grounded 
the technology of the valuable component by- 
product extraction from the beach areas near the 
dike dam based on the experimentally established 
fact that with the allocated alluvium because of the 
solid material fractionating the particles containing 
ferrous minerals deposit immediately after the outlet 
of the pipeline on the section that does not exceed 
20% of the length of the formed beach. The idea of 
the technology is in recess this part of the beach af- 
ter the map drying until the formation of new tier of 
the floodwall. 

The studies show that the implementation of the 
valuable component by-product extraction from the 
beach areas near the dike dam together with the 
technology of combined wastes storing makes it 
possible: to extract a part of the valuable component 
remaining in the enrichment process wastes at the 
stage of storages filling; to abandon the exploitation 
of the storage as anthropogenic deposit after storing 
finishing; to avoid significant capacities of the reex- 
cavation of the floodwalls of the upper levels; to 
improve the environmental safety and the resource- 
saving of the existing technologies. 
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ABSTRACT: The article presents the topicality in the development of coalbed methane fields mining. 
Conditions of the occurrence and potential reserves of alternative energy resources in Ukraine are presented. 
The main tasks of commercial methane extraction are shown, namely an increase of permeability in the 
mountain massif and raising durability of the surface degasification wells. Method a pneumatic 
hydrodynamic impact for degassing intensification of methane on gas-saturated coal rock massif through the 
surface degasification wells was described in the article, which was created in IGTM NAS. 


1 INTRODUCTION 


Fuel-energy supply of the economy of Ukraine is 
more related to the level of energy production, which 
is provided by through its own production around 
35 —40%. Natural gas is one of the main consumed 
power resources. It is satisfied by its own production 
of only 20 — 23%, and therefore the economy of natu- 
ral gas or partial replacement of its other available 
source of energy, such as methane, is actual problem. 
The necessity of alternative energy sources research 
is dictated by the rising of natural gas, oil and coal 
costs (Bondarenko et al. 2010). Great attention is paid 
to off-balance energy sources. The most important is 
coalbed methane in modern conditions (Smorschok et 
al. 2001). In terms of conventional fuel reserves of 
coalbed methane (CBM), after oil, coal and natural 
gas ranks fourth among the world’s fossil fuels. 
Ukrainian proved coal reserves ranked on seventh 
place in the world according World Energy Council 
report (Falshtynskyi et al. 2013). Resource CBM of 
Ukraine ranked fourth in the world after China, Rus- 
sia and Canada. CBM reserves in Ukraine are from 4 
to 12 trillion m*, which technically possible to pro- 
duce around 30%, namely from 1.2 to 3.6 trillion m? 
on different data (Krasnyk & Toropchin 2005). 

The development of CBM deposits to a greater ex- 
tent with coal mining in Ukraine. More than 60% of 
coal mine methane emitted from air flow and it is al- 
most never used because of the low concentration of 
methane of 0.2 — 0.7%, which excludes the possibility 
of burning them automatically with traditional meth- 
ods in the development of coal deposits of Ukraine. 

Coal mines in Ukraine, especially Donbas, are char- 
acterized by very complex geological conditions. The 
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average depth of the reservoir development is more 
than 700 meters. 33 mines are developing at a depth of 
1000 — 1400 m. Of the 190 active mines 90% are dan- 
gerous content of methane gas, 60 — on coal-dust ex- 
plosion, 45 — to sudden outbursts shocks and mining, 
22% — by spontaneous combustion. Ukraine takes the 
10th place among the leading countries of the world in 
coal production (Gur’yanov 2004). The methane con- 
tent in coal seams is an average of 8 m° per | tone of 
dry ash-free rock mass, and in the host rock (sand- 
stone) an average of 5 m’/m*(Antsiferov et al. 2004), 
in some cases up to 40 m° per 1 tone dry ash-free rock 
mass. Explored reserves of methane are about 
1.2 trillion m® and with the separation of methane 
from coal seams on thicker which contains of coal — 
25.4 trillion m’ (Kasyanov 2000). From other sources 
of methane resources in the Donbas reached 
11.86 trillion m°, including 0.46 trillion m° in an 
aqueous state, 1.46 trillion m° coal bed capacity of 
more than 0.3 and 9.82 trillion m° in coal breed array, 
of which only 0.5 — 1.5% are free gas valued at depths 
from 500 to 1800 m. By results of testing for methane 
in geological prospecting shares in rocks and coal 
seams up  22.2trilllonm, and industrial — 
11,6 trillion m’, including suitable for extraction — 3 — 
3.7 trillion m*(Pudakov et al. 1996). 

In the Ukrainian part of the Donets Basin in the 
state balance accounted for 286.4 billion m® of me- 
thane in the mines of the Donetsk region, 
3.1 billion m* — in the mines of the Dnipropetrovsk re- 
gion and 165.7 billion m°—in the mines of Luhansk 
region in 01.01.2011. This is ten times less than the 
forecast of geological methane resources within the 
boundaries of the mine fields. On the most reasonable 
optimal estimate of the volume of methane Donbas 


coal-bearing deposits that are suitable for its produc- 
tion are about 4 trillion m? (Zhykalyak et al. 2012). 

Methane is found in three states: free, adsorbed 
and dissolved (in water) in the context of the devel- 
opment of coal deposits. Most of it (over 80%) — 
carbon and adsorbed rock mass, about 10% of the 
gas in the free state fills the natural voids and pores 
and only a small amount is dissolved in water 
(Bokiy 2006, Glatkay 2012, Glatkay et al. 2014). 

Thus, the gas-bearing coal deposits are considered 
as CBM. Therefore, production and utilization of 
CBM have very important economic significance 
which is reflected in the following areas: 

— large-scale mining CBM can add significantly 
to the production of natural gas in Ukraine and in- 
crease energy security of the state and to save finan- 
cial resources that are spent on imports of natural 
gas (Bokiy 2011); 

— production and utilization CBM makes it possi- 
ble to significantly improve the safety of miners 
works by reducing the risk associated with explo- 
sions and ignition of methane in the mines. The same 
CBM production will help to reduce the cost of ven- 
tilation mines which will allow to increase the load 
on the gas factor on the working face and thus not 
only increase productivity but also improve the safe- 
ty of operations miners (Efremov 2012). With the 
help of new technologies CBM can be used for the 
production of: electricity and heat; as fuel for boilers 
and refueling of automobiles; for biomass production 
(gaprin, paprin), etc. (Bulat 2014, Myaken’kaja 
1992). Generally all this allows to significantly in- 
crease the overall efficiency of the coal industry; 

—creation of methane mining industry allows to 
reduce social tension in the mining regions in the 
conditions of (Zozulya 2011) restructuring of the 
coal industry. The jobs problem can be partially 
solved by refocusing on the mining and using of 
coal mine methane and CBM; 

— methane is a greenhouse gas with a high global 
warming process. It takes one of the first places in 
the list of gas emissions into the atmosphere there- 
fore this is followed to establishing firm control, be- 
cause methane is 21 times more active than carbon 
dioxide. Attractiveness of mining projects and use 
of methane is associated with the ratification of the 
Kyoto Protocol on climate change and where under 
the reserves, based on the emissions of CO, in the 
Ukraine in 2008-2012 was $565 million m’ 
(Lukin 2007, Dovbenko 2009, Makogon 2006, 
Krasnyk & Toropchin 2005). 

—one of perspective directions is the use of coal 
bed methane in the chemical industry. Out of it can 
produce carbon black, hydrogen, ammonia, metha- 
nol, acetylene, nitric acid, various derivatives and 
formalin. As well as it is the basis for the production 
of plastics and synthetic fibers. 
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2 THE MAJOR PROBLEM 


For commercial methane production a major prob- 
lem is decision to increase the permeability of the 
rock mass and to increase the service life of surface 
degassing boreholes (SDBH). The reason for this is 
colmatation pore space near-boreholes area, due to 
the absorption of drilling fluid in the drilling process 
and the dynamics of the evolution of gas in the 
SDBH. The formation pressure is usually lower than 
hydrostatic pressure of the fluid and promotes deep- 
er penetration of the drilling fluid in the productive 
horizons in conditions of Donbas. 

The washing liquid always contains solids while 
drilling boreholes. Availability of solid phase in the 
washing liquid causes colmatation borehole clay 
crusts. Two types of filtering are shown at drilling. 
Static filtering occurs in the absence of circulation 
when during the drilling fluid does not prevent the 
growth of the filter cake. Dynamic filtering occurs in 
conditions where the drilling fluid is circulated and 
growth of drilling fluid filter cakes is limited due to 
the erosive action of drilling fluid flows. Thickness 
of the crust and filtration rate remained practically 
unchanged when the growth rate of filter cake drill- 
ing fluid becomes equal to the rate of its destruction. 

After opening of the reservoir bed in borehole there 
remains a certain volume of the filtrate which is not 
forced into the borehole. After colmatation of the res- 
ervoir bed near-borehole and formation of filter cake 
the pressure of washing liquid is increasing and is fol- 
lowed by absorption of the filtrate liquid. Reduction in 
static pressure to the filtrate followed by displacement 
washing liquid and with it the formation fluids. During 
the drilling process of interaction between hole and 
reservoir bed the colmatation part of collector and the 
filter cake serves as a self-regulating dispenser absorp- 
tion-displacement (Glatkay & Sergienko 2014). 


3 SOLUTION OF THE PROBLEM 


In IGTM NAS of Ukraine the method of pneumo- 
hydrodynamic impact (PHDI) for degassing intensi- 
fication of methane on gas-saturated coal containing 
massif through the SDBH was established. The es- 
sence of the method is that: with the earth’s surface 
drilled SDBH to the coal seam and stopped at a dis- 
tance of five of its thickness. Over the entire length 
borehole is lined with metal pipes plugging of annu- 
lar space at the site of productive horizon lowered 
pipe perforation. Borehole-head equipped device of 
pneumohydraulic impact (PHI). 

Tubing is lowered in borehole. With the help of 
compressor compressed air is supplied with in the 
SDBH for some time under pressure (Figure 1). 





Figure 1. Surface degassing borehole: Pras pres. — casing 
pressure, MPa; L — down hole length, m; D— diameter of 
perforated pipe on face; d— diameter of tubing string, m; 
m — seam thickness. 


During filtration through the mudcake and col- 
matation of reservoir zone the injecting compressed 
air come to the reservoir bed and thereby increasing 
the reservoir fluid pressure. Once the value of down- 
hole pressure stopped increasing (for t= 15 minutes 
by an amount AP = 0.01 MPa) is performed fast reset. 
Pressure in wells at the reservoir level is reduced al- 
most instantly to the initial pressure. Formation pres- 
sure in the near-borehole part the collector is still 
higher than in the borehole. From this moment the 
collector starts to displace in the borehole fluid which 
is infiltrated into it. Displacement fluid partially de- 
stroys the filter cake, and its thickness is reduced. 
Formation pressure decreases to the near-borehole 
part the collector. Finally comes a moment when the 
pressure gradient and the initial gradient aligned and 
restores the initial equilibrium state of the system 
pneumodynamic borehole — collector in the end. The 
set and reset pressure present one cycle of impact. 

Cycles of pneumohydrodynamic impact are re- 
peated several times. The permeability coefficient is 
increasing with every subsequent impact. Discon- 
tinued of PHDI is subject: when the production rate 
is increasing to 500 m° day; if you follow the cycle 
of any condition Q, > 20o (Qo — flow rate before the 
start of work, m*/day; O,, — production rate after the 
n-th cycle of PHDI, m?/day). 

This method allows to recover PHDI flow rate to 
the SDBH. The test method 1s carried out in an indus- 
trial environment in the field of mine named by 
A.F. Zasyadko in 8 SDBH. By the results of this work 
were produced 41.86 million m° of methane, which 
leads to the conclusion about the technical capabilities 
of commercial production of methane from CBM. 
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4 CONCLUSIONS 


Coal deposits are CBM with a possible industrial 
gas extraction. 

Established fundamental possibility of recovery 
with the use of PHDI on to restore the flow rate gas- 
saturated coal containing massif through SDBH. 

Use of the PHDI method on gas-saturated coal 
containing massif enabled to extract about 
42 million m° of methane out of 8 SDBH. 
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The findings of visual-optical method of diagnosing 
of rock disposal process from mine cars 


A. Shyrin 
National Mining University, Dnipropetrovsk, Ukraine 


ABSTRACT: Under coal resources mining which are located near the borders of the mine fields, the length 
of traffic arteries are up to 6.0 — 7.0 km. Possible reserves are mainly concentrated in the zones of influence 
of tectonic abnormality, heavy water cut and intense rock heaving. In such circumstances of mining, well- 
timed rock transportation from development headings by the means of rail transport is intractable problem, 


and mostly even impossible. 


1 INTRODUCTION 


Under active rock heaving at Western Donbas mines 
floor rope railway are used as a single hauling unit 
during preliminary development workings. Howev- 
er, even using technological transport schemes with 
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the application of high-technology floor railways 
such as DKNP-1.6, self-dumping wagons VD-2.5 
and accumulating rock pockets (Figure 1) there is a 
failure to comply with the planned rate of develop- 
ment workings because of tardy rock transportation 
from the pitfaces. 
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Figure 1. The technological scheme of rock transportation DKNP-1.6. 


Analysis data of technological schemes current 
capacity of mine district transport showed that one 
of the reasons of decrease rate in roadway construc- 
tion due to a transport fault is performance parame- 
ters defection of mine wagons because rock sticking 
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to the walls and floor of the body. Changing the 
performance parameters of mine wagons such as 
volume (V) and loading capacity (G) is due to exe- 
cution technology of zonal development workings. 


2 MAIN PART 


In accordance with the requirements of accident 
prevention the preliminary development process 
during combine mining entails dust suppression 
(moistening). As a result mined rock (waste, coal) 
are mined from the shortwalls in mining wagons 
with humidity rate about 50 — 80% and with sticka- 
bility 75 g/cm° (Gavrilov et al. 2002). Studies 
showed that during mined rock transportation in 
extended curved roadways with alternating grading 
of track there are different progressive and rotating 
construction elements vibrations of mine wagons. 
The main progressive vibrations are jerking — along 
the x-axis; lateral motion — along the y-axis and 
bouncing — along the axis OZ. The rotational vibra- 
tions include: rolling motion — around the x-axis; 
pitching — around the y-axis and wagging — axis OZ. 
As a consequence of multiple spatial vibrations there 
is intense moist rock solidifying and sticking it on the 
walls and bottom of trolleys, as a result it leads to 
usage rate reduction of mine wagon body. 

According to the analysis of works in the field of 
cargo management of mine rocks it was found that 
diagnosed problem remains insufficiently explored 
up to date. In such situations significantly increases 
the role of operative production diagnosis and 
transport process control of overburden recasting in 
underground workings during the performance of 
mining operations. 

The purpose of operative production diagnosis 
and transport process control of overburden recast- 
ing is time and space coordination of searching and 
eliminating of imperfections during rock disposal 
from mine wagons to pocket (the final operation of 
transport process) and delivery of current infor- 
mation about carriage rolling stock level of readi- 
ness for work execution of next cycle — rock exca- 
vating and loading into wagons. 

To justify the method of operative process control 
of rocks loading from mine cars battery of studies 
for setting out causes and nature of the rocks stick- 
ing to the trolley body, control methods and means 
of diagnosing this process were carried out. 

Mine studies determined with advance speed of 
development heading v > 2.4 m/shift (three or more 
cycles), such events resulted in the end of the shift 
to a decrease in the useful volume of the trolley 
body at 25 — 30%. 

Consequently, the schedules of current processes and 
operations in development headings were troubled, the 
temp of working decreased but the specific energy 
consumption increased incidental to with transportation 
of “dead weight’, i.e. adhering rock mass. 

Figure 2 shows the results of mine experiment to 
establish indicators and character of changes the 
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useful volume of the body of mine cars VD-2.5 and 
VG-3.3, after three successive cycles of loading, 
unloading and transport operations. 

It should be noted that in the practice of mechani- 
cal systems technical diagnostics the state of analyz- 
ing object is determined by the results of incumbent 
functions, i.e. using the methods of functional diag- 
nosis (Kollakot 1998). 
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Figure 2. The reduction character of the useful volume of 
the mine cars body when rocks sticking in the back trolley. 


Algorithm for functional diagnosis involves con- 
sideration of input actions and output responses, the 
sequence of operations execution, as well as exter- 
nal and indirect indicators. 

The known methods of processes and operation 
diagnosing during loading and unloading operations 
in underground conditions are cost approach which 
requires the superinduction of power-intense sta- 
tionary equipment in transport processing chain. For 
example, foreign mines of non-ferrous industry, 
extracting rare and precious metals, the volume of 
not unloaded rock mass is determined by the weigh- 
ing of the loaded and empty trains. In works are 
described the control methods of mining mass win- 
nings using modules APCS-R and stationary weigh- 
ing devices of tubs AKRV-87 produced in Bulgaria 
(Sitnikov et al. 2006). 

The mining technology in coal mines does not 
provide performing operations related to weighing 
wagons with waste rock (mining waste). For this 
reason, the enterprises have no experience in such 
procedures. 

For the purpose of the little-explored scientific 
and practical tasks is recommended to use visual- 
optical method for monitoring the process of un- 
loading rock from the mine cars. The nature of the 
proposed technical solution is to install a system of 


stereovision in the rock unloading point from ore 
train to a hopper in order to diagnose the dumping 
process of mine wagons. 

The idea is to use the computer vision effect for 
rapid recognition of thickness layer of the rock mass 
sticking to the walls and the bottom of tub, and ac- 
cording to obtained visual analysis of 3D images 
make appropriate decisions in order to coordinate 
work schedule of transport-technological system. 

The computer vision is theory and technology of 
creating artificial systems which provide detection, 
tracking and classification of objects by analysis and 
synthesis of 3D images and videos sequentially 
obtained from different cameras, sensors and devic- 
es. Video data can be represented by different forms 
such as video sequence of images from different 
cameras or 3D data, for example, from the sensors 
device of Kinect or stereo cameras. 

The nature of stereovision is to imitate human 
binocular vision. Stereovision system allows the 
computer by two pictures taken with the two camer- 
as to read out the information in 3D form about the 
environment and create a depth image map. In the 
case under consideration it is the thickness of the 
rock mass sticking. 

Under the map it is entailed the depth image 
where each pixel does not represent a color but the 
distance from the object to the camera. The darker 
the object is on the map, the farther it is away from 
the camera. 

The integrated study method provides with soft- 
ware package of a computer monitoring system and 
operation control DKNP-1.6 with the application 
stereovision should combine the three important 
functions: 

— box-wagon movement registration with simulta- 
neous search of tub which is installing for unloading; 

— treatment of the received frame with the follow- 
ing search of the departure from the set standards; 

— transfer of the processed information to the op- 
erator DKNP-1.6 to make a final decision. 

In accordance with the listed functions the labora- 
tory-based experiment program was developed 
which included the realization of specific studies on 
the working equipment of the rail transport laborato- 
ry of transport system and technologies department 
of National Mining University. 

To build and install stereosystem it was necessary 
to determine the cameras positions — to calculate the 
length of stereobase, the camera installation height 
and direction. Under the calculations performance 
the illumination room indicators were used in the 
place of stereo installation but also technical charac- 
teristics of camera and mine car were used. 

It should be noted that in practice the process of in- 
stalling another tub for unloading rocks into the hop- 
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per is performed automatically, by pushing full tubs 
without uncoupling. Because of this for the qualita- 
tive detection of tubs movement in the both camera 
frames it is necessary to install the stereo system so 
that at one unit of time the tub would be simultane- 
ously in the center of both camera frames (Figure 3). 


Sb 





Figure 3. The scheme how to calculate the height of the 
camera: cl, c2 — stereosystem cameras; vl, v2 — vision 
area of each camera; / — the height of stereosystem rela- 
tively the rail track. 


3. CALCULATIONAL EXPERIMENTS 


The height between the cameras and tub depends on 
the length of the tub but because of various camera 
parameters, their matrices and resolution abilities, 
the calculations show only the approximate distance 
that is why system needs to be further checked and 
adjusted on the site. 

The calculation of cameras height h cameras is 
made in accordance with the formula: 


h = Ang 
m: 


+ Hip > (1) 


where Amp — horizontal tub size, m; f — focal dis- 
tance, mm; mh — horizontal matrix size, mm; H,,, — 
tub height, m. 

When performing natural experiment the cameras 
with a focal distance of ~4.8 m and with horizontal 
dimension matrix size — 4mm were used. In con- 
formity with the considered conditions for the tub 
VG-2.5 minimum height of cameras installation, 
according to calculations is hy 5 = 3.1 m and for the 
tub VD-3.3 is h33 =4.3 m. 

The performance expectations of the frame capac- 
ity and the height of cameras installation with dif- 
ferent focal lengths are given in Table 1. 

In order to create initial database the calculation 
were performed to determine the rational height of 
stereocameras installation for the series-produced 
mine supplies cars. 


Table 1. Frame capacity of cameras with mh = 4.8 mm. 


Distance from camera to the object, m 


Focal 
distance, 1.5 3.0 4.6 
re Horizontal frame capacity, m 
1.78 7.6 15.1 22T 
2.45 5.3 10.5 15.8 
3.00 3.5 Ls 11.3 
3.60 253 4.6 6.9 
4.00 2.0 4.0 6.0 
8.00 0.9 1.8 Di 
16.00 0.4 0.9 1.3 


According to the results of calculations it was 
found that in order one tub simultaneously was in 
the picture of each cameras, the cameras Logitech 
C110 used in the experiment are needed to be in- 
stalled at the height of A > 4.0 m which do not re- 
spond to the mine working parameters. In order to 
lessen the height under the system will be able to 
function it is necessary to use the cameras a wider 
viewing angle and a correspondingly with a shorter 
focal distance. 

To calculate the rational focal distance of the 
camera f, where it will be possible to get full-sized 
shots of mine car in underground mines the follow- 
ing expression was used: 

v-h-S 


ae (2) 





where v — vertical matrix size, mm; / — horizontal 
matrix size, mm; S — distance to the object, m; 
H - horizontal object size, m. 

The importance factor of natural experiment de- 
termined the nature of the utilization factor change of 
interval volume of the tub body at different stages of 
the mining industry. In this regard, the condition was 
set in order stereocameras qualitatively track events 
related with the rocks sticking processes inside the 
body of mine wagon, i.e. quickly determine the 
amount of rock mass remaining on the body at the 
bottom of the tub after each cycle of its unloading. 

The results of experimental studies of the volume 
determination of stuck rocks and the utilization 
factor of the body tub volume had served as a basis 
for technique development of mine cars parameters 
coordination and stereo system in the conditions of 
the mine environment. 

The definition of rational distance from the cam- 
era to the tub floor pan is performed due to the 
scheme given in Figure 4 by subtracting the size of 
the gap o' between the top of rail and floor pan of 
the total height of camera installation. 


582 





Figure 4. The scheme to determine the volume of utiliza- 
tion of coal mine wagon type VG-2.5 (with bottom- 
discharge-type). 


The need to perform such calculations is stipulat- 
ed by the fact that the capacity of performance pa- 
rameters volume (V) and capacity (G) is also ex- 
pressed by the linear dimensions and utilization 
factor of coal mine wagon volume (Shyrin 2013): 


V =m-h-l- u, m’, (3) 
G=V-y=m-h-l-u-y,t, (4) 


where m — wagon width, m; / — wagon height from 
the top of rail to the top edge of body, m; / — length 
body on to of edge, m; y — product density in stock- 
ing, t/m*; u — utilization factor of mine car volume 
depending on the geometry of the body. 

Using design circuit shown in Figure 3 and 4, it 
was found the original distance from the camera to 
the upper edge of the tub which during the experi- 
ment was being corrected taking into consideration 
the design parameters of the wagon which is under 
the investigation. The reason is that for successful 
recognition of the rock mass volume remaining in 
the tub body after its discharge, it is necessary to 
made stereosystem oriented so that at one unit of 
time the tub was simultaneously in the frame center 
of the both cameras (Figure 3). On this basis the 
height of stereosystem installation which was calcu- 
lated by the formula (1) should be coordinated with 
of design parameters of operated cars, cameras, their 
matrices and cameras resolution abilities: 


h = 1, + Hyp» (5) 
m-h 


where / — distance to the object, m; f — focal dis- 
tance, mm; mh — horizontal matrix size; Lamp — tub 
length, m; Hu» — tub height, m. 

The results of experimental studies have estab- 
lished that in order to have qualitative determination 
of the rock mass volume sticking in the back of the 
wagon of type VG-2.5 is it necessary to install the 
stereo-system at the height A > 2.5 m with a width 
of ~35 mm and a focal distance of ~17 mm. 

At this distance the camera should be directed 
parallel to each other and at an angle 90° relatively 
to the rail track and tubs. Such installation of cam- 
eras direction is stipulated for the correlation of the 


basic parameters of carriage rolling stock and un- 
derground transportation workings. 

In order to obtain the high-quality images of mine 
wagons content at a distance of 1.0—4.0m it is 
enough to keep a distance between cameras within 
the standard stereo (50—80mm). More accurate 
results are regulated by lighting and camera features. 

The scheme of cameras location of in the condi- 
tions of laboratory experiment is shown in Figure 5. 





Figure 5. Workplace programs with the active program 
window. 


Applied to laboratory conditions stereo system 
consisting of cameras Logitech C110, was connect- 
ed to a computer with a processor Intel Core 15 
1.7 GHz and it was installed at a height of 3.0 m. 

The fragments of a laboratory experiment are pre- 
sented in Figure 6. 

According to the results of the natural experiments 
the operation algorithm of diagnostic system was 
developed, according to which the preparation stage 
of stereosystem end with the camera direction instal- 
lation and basic data record source into the comput- 
er, such as camera installation height; the distance 
from the bottom and the top edge of the body to the 
cameras and the main tub design parameters. 

After storing the original data stereosystem algo- 
rithm is considered to be ready for work. The Diag- 
nosis process of rock loading from wagons begins 
with commissioning of the cameras, sequential pro- 
cessing of each image from the video stream and 
motion detection. 
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Figure 6. The active window with depth map. 


If the movement was detected in the picture, the 
system allocates movable areas and with the help of 
horizontal lines search divides the area into individ- 
ual objects. If the size of one of the objects is com- 
parable to the tub proportions the image is saved for 
processing and for the following construction of the 
depth map based on it. 

The image processing and construction of depth 
map are carried out step-by-step. Firstly, in the rec- 
ognized and found in the video stream tub, the re- 
ceived image area is marked out. The procedure of 
region selection is stipulated by the need to reduce 
computer utilization, because during diagnosis pro- 
cess we are interested in the whole image, but only a 
part of the tub body with sticking rock. 

After receiving stereoimage of the tub execution al- 
gorithm of obtaining depth starts. As an example, Fig- 
ure 7 shows the rocks depth map in half-uploaded tub. 





Figure 7. The depth map of a half-filled tub. 


After receiving and correcting of images gained 
from the two cameras the phase of their correlation 
begins, 1.e. the function of two images into one sin- 
gle stereo-image by searching paired points on the 
input image. Subsequently, according to found 
points three-dimensional coordinates of the points 
and coordinates of their prototype image in three- 
dimensional space are being determined. Knowing 
the three-dimensional coordinates of the prototype 
image the depth image is being calculated. 


4 CONCLUSION 


The depth map is created on the basis of the re- 
ceived matrix depth. The matrix depth is the dis- 
tance value of each pixel to the camera. The larger 
the value is, the closer pixel in to the camera. The 
matrix dimensions are depended on the size of the 
image. The results of the research are implemented 
in software products for process control of rocks 
withdrawal out of the wagon and the initial condi- 
tions on the use of stereo vision system for comput- 


er diagnostics of technical and operational parame- 
ters of transport and technological systems using the 
ropeways of new generation. 
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ABSTRACT: The analytical dependences for the stress-strain state of the steel cord rubber belt due to the 
changes in operating geometric parameters of the burdening conveyor into blast furnace are obtained. These re- 
sults can be used in engineering practice to make decisions on elimination of wear defects of conveyor parts. 


1 INTRODUCTION 


Modern delivering systems of burden materials, in- 
cluding the delivery system of the burden materials 
on the largest blast furnace number 9, “ArcelorMit- 
tal Kryviy Rih”, Ukraine (Bolshakov et al. 2005), 
are based on conveyor belts. Compared to skip 
charging, the conveyor system has a number of ad- 
vantages. Specific capital and operating costs are 
less by 15 — 20%. The system performance is much 
greater and it is simpler. Such a system allows the 
reliable coordination of all the components of the 
preparation and of the charge delivery system. It can 


be operated without human intervention, for exam- 
ple by means of automation. 

The main blast furnace conveyor (Figure 1) has a 
length of several hundred meters. It is equipped with 
a discharge drum /, tension drum 2, driving drums 3 
and 4. The drums are enveloped by the belt 5, which 
rests on the rollers 6. The charge material is fed to 
the belt from the tanks 7. The conveyor, which has 
horizontal and inclined sections, operates continu- 
ously. The discharge drum / is displaced from the 
driver to the axis of the furnace. The drive drum is 
mounted on a special structure. 





Figure 1. Diagram of the charge on the feeding conveyor of the blast furnace. 


There are substantial tensile forces acting on the 
conveyor belt. To provide sufficient strength of the 
belt, it is made of the ropes, which are vulcanized 
into rubber band. 

Charge materials are fed by conveyor in accord- 
ance with a predetermined program. Ore, coke, ag- 
glomerate are supplied in portions at predetermined 
intervals. It requires the use of increased belt width 
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(up to two meters), provided supplying in portions a 
significant amount of material. 

A blast furnace is the unit of continuous action. 
Therefore a rhythm disturbance in delivery of raw 
materials to the blast furnace leads to disruption of 
the continuous iron smelting process and significant 
financial losses. 


2 PROBLEM STATEMENT 


In the operation some parts of the conveyor wear, 
their parts change the form. For example, the diame- 
ter of the cylindrical drum becomes variable along 
its length. A right angle changes between the axis of 
the belt and the drum. The described changes in the 
geometric parameters of the components of the con- 
veyor lead to an uneven distribution of tensile forces 
over the width of the belt. The use of the belt with 
considerable width in the conveyor, feeding the 
blast furnace increases this unevenness. This uneven 
distribution of forces reduces the real traction capa- 
bility of the belt and its service life. There appear 
conditions which lead to the destruction of ropes, 
further affecting the strength of the steel cord belt. 

Thus, definition of the deviation influence in ge- 
ometric parameters of the conveyor components 
from the design occurring during its operation is an 
actual scientific and technical problem of providing 
performance of the conveyor system feeding the 
burden to blast furnace top. 

Deviation in geometric parameters of the convey- 
or design induces an additional deformation of the 
belt. Spatial deformation of conveyor belts is ana- 
lyzed in (Belmas 1993). Effect of deviation from the 
cylinder-shaped of the conveyor drum on the stress 
state of the belt is studied in (Belous 2010). In the 
mentioned works the effect of the angle between the 
axes of the belt and the drum on the distribution of 
forces between the ropes in the belt was not studied. 
The influence of the shape of the conveyor drum on 
the distribution of forces within the belt was consid- 
ered without taking into account the ruptures of the 
rope in interacting with non-cylindrical drum. 


3. PROBLEM SOLUTIONS 


In this paper, the stress-strain state of the steel cord 
belts for previously unexplored changes in individu- 
al geometric parameters during the conveyor opera- 
tion is studied. The problem is resolved in a general 
form. The number of ropes in the belt is taken equal 
to N. The lengths of the portions on which the belt 
does not interact with the drum, we assume infinite. 

To determine the effect of disturbances of mutual 
location of the belt axis x and the axis of the drum, 
put the origin of the axis into the belt cross section, 
interacting with the drum. Due to the turning of the 
normal section of the semi-infinite belt by an angle 
Ø, the k-th rope is moved by the value: 


ô =(Z -k +0,5 silo). (1) 
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where ¢ — a step of the ropes laying in the belt. 
Expand the resulting dependence (1) into Fourier 
series of cosines: 


f. =D, + XD, cos(u, (i-0.5)) , (2) 
m=l 


where Dy = yk ; Da = R T E 
k=1 N ka N 


In order to determine the effect of turning the belt 
only, the value of the tensile force of the conveyor 
belt will not be taken into account. External ac- 
tion (1) is performed in one section. According to the 
principle of Saint-Venant, the local disturbance (im- 
pact) leads to a local redistribution of the stresses and 
strains in solids. In this case, the deformation of sec- 
tions of the belt and rope tensile force must be re- 
duced to zero at an infinite increase in the distance 
from the cross section of local influences. With re- 
gard to the latter and in accordance with (Tantsura 
2010), displacements of the rope sections u and in- 
ternal forces P are determined from expressions: 


N 
u; = S Be Pm cos(U,, (i —0.5))+e , (3) 
m=1 
P =-EF SB, Pn B,, cos(ut, (i —0.5)) , (4) 
m=1 


where Bm, c — constants of integration; E — the re- 
duced modulus of elasticity of the material of ropes; 


; 7m 
F — cross-sectional area of the rope; M, = Ea ; 


p= pt —cos(u,, )) ; G—the shear modulus 


of the rubber; d, h — the diameter of the ropes and 
the distance between them. 

Considering the condition of the ropes defor- 
mation (1) in the section x = 0, from relation (3) we 
have: 


gue +05 rsinfpos | (k-0.5)) 
N x=1\ 2 


c=0. 

To illustrate the results, the belt with parameters 
corresponding to the rubber-RTL-3150 is consid- 
ered. The deviation of the axis of the belt from the 
right angle is taken equal to 1°. Calculations are rep- 
resented in Figure 2 and 3. 

Figure 2 and 3 show that significant changes in 
tensile forces and displacements of the ropes occur at 
the lengths up to 5—7 m. The latter conclusion per- 
mits to consider the length of portions of the belt up 
to seven meters as infinite. The lengths of portions of 
the conveyor belt located between the drums are no 
less than this distance. Thus, the above assumption of 


infinite belt segments that interact with the drums of 
the conveyor can be considered acceptable. Changes 
of the forces along the belt width have skew- 
symmetric character. This character is the result of 
skew-symmetric deformation of the belt in the section 
which separates the non-interacting and interacting 
portion of the belt with the drum. 





Figure 2. Distribution of the forces between the ropes due 
to a change in the angle between the belt and a drum. 





Figure 3. The surface describing the displacements of the 
ropes points, due to the drum turning. 


The maximum deformations and efforts are real- 
ized in the last ropes. The maximum additional force 
in the last rope at small angles of deviation of the belt 
axis from the right angle to the axis of the drum 1s: 


a N 
P SONES eoe eK Im -l x 
N 2N 


max 
N m=1 


x s2 -k |eos| Zla -05) 





k=l 

The obtained additional force that occurs in the 
last rope must be taken into account when develop- 
ing the allowable standards for the accuracy of 
mounting and the changes of geometric parameters 
of the conveyor supplying charge materials into a 
blast furnace during its operation. 
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In the Figure 2 and 3 and the next it is shown that 
in the belt ropes may arise tensile and compressive 
forces. In resolving the problem we conventionally 
disregarded the tensile force, on which we design 
the conveyor belt. In a real conveyor, this force acts 
on the belt; it causes equal loads and deformations 
in all the ropes. Compressive forces can occur only 
when the loads caused by uneven deformation of the 
belt would exceed the average values of tensile 
forces in the ropes. The latter corresponds to one 
hundred percent excess of the maximum stresses in 
the belt compared with calculated. 

The uneven distribution of the forces across the 
width of the belt causes uneven wear of the drum 
surface. One edge of the drum wears faster than the 
other. The cylindrical shape of the drum is changed 
to a conical. The ropes of the one belt edge are ex- 
tended more than the ropes of the other edge. Their 
tensile forces are increasing more than in the other 
ropes; the likelihood of failure increases. 

The nature of the belt deformation on the drum 
differs from its strain state in the area where the belt 
does not interact with the drum. In order to account 
the latter, divide the belt into the area of interaction 
with the drum and the area in which the belt does 
not interact with it. Consider conditionally the plane 
through the axis of the drum, bisecting the angle on 
which the belt encircles the drum. Accordingly, the 
drawn plane divides the belt into two symmetrical 
segments. Excluding the impact of the external load, 
the load of both sections will be symmetrical. This 
makes it possible to consider a single piece of the belt. 

We use equations from (Tantsura 2010) and de- 
termine the stress-strain state of the belt with dam- 
aged (broken) ropes: 

a) for the belt section interacting with the drum: 


dli J S (Aje + Be) 


=] 





+ ae +c (5) 
x cos( 3 (k —0. 5)) EF al» 
edie ras) taj; (9) 


b) for the length of the belt which does not inter- 
act with the drum: 


i= 5 (4e + Be Pm Jeos(tiy (k —0.5))+ 


m=1 


fi Coy 7 
T (7) 


P= £B, (4,,e8n* -Be Pr” hx 
m=1 
xcos( a (k -—0.5))EF +a, (8) 


where /(k) — a function describing the dependence of 
the radius of the drum on the number of the ropes; 
R — average radius of the drum; 4,,, a — constants of 
integration. 


The quantity a EF , according to (6), defines 


tensile forces of the ropes which deform on the drum 
provided the hypothesis of the plane cross sections of 
the belt (cross sections do not deform). The component 


$ Bn (Ane — Be Pr lin; (k —0. 5) BF 
m=1 


in the same equation describes the nature of the de- 
formation of the belt cross sections, 1.e. removes re- 
strictions imposed by the use of the plane sections 
hypothesis. Along the length of the belt the ropes 
may be ruptured in arbitrary sections. 

In the course of the conveyor, the ropes pass all 
its areas. The most dangerous is the moment when 
the cross section of the belt with a damaged rope 
runs the conveyor section with the most uneven 
loaded ropes. In our case, this cross-section corre- 
sponds to the section x = 0. Assuming that the k-th 
rope is damaged we have the following uniform 
condition for a cross-section x = 0: 


a) Uk (x=0) = 9 (k #k), 


b) Ag\x=0) =9 » (9) 


Write the boundary condition (9, a) in the follow- 
ing form: 


0 (k#k) 


Ulk |(x=0) J Ki (k = k) > (10) 


where K — unknown constant, which should be de- 
termined from the condition (9, 5). 

The length of the section where the belt interacts 
with a drum is denoted by /. In the section x = //2 
should be satisfied the strain compatibility condition: 


Mlk \(x=1/2) ~ Mk (x=1/2)> 


Fg \x=1/2) = Pk(x=1/2) - (11) 


In accordance with the hypothesis of Saint- 
Venant, a difference of displacements and tensile 
forces of the ropes with increasing the distance from 
the local perturbation is reduced to zero. Thus, we 
have another boundary condition: 


up —Up4y —_ 0, 


12 
P, > 0. a 


when x — œ f 


The condition (10) will be fulfilled having taken: 


2 N 
Ul |x=0) = Kz Leoslttn (k —0.5))x 


l 


T nfl 0.5) + | (13) 


The function NR 


is discrete and is performed 
for the values 1< k < N. We define it as the sum: 


L(k)+R _ a. cos( ly, (k — 0.5) . 


3 >. (14) 


Considering expressions (13) and (14), relations 
(5)—(8), from the boundary conditions (9) — (10) 
determine the unknown constants. Defined un- 
known constants allow determining the forces act- 
ing in ropes and their displacements. The results of 
calculations for the case of exceeding the maximum 
radius of the drum over a minimum by 0.2% are 
shown in Figure 4 and 5. The graphs are drawn in 


; xX 
relative coordinates xo = 7 Yo = A l 





Figure 4. Distribution of forces between the ropes in the case 
of the interaction of the belt with the drum, the surface of 
which during operation has acquired a conical shape. 





Figure 5. Distribution of the forces between the ropes in 
the case of the interaction of the belt with the drum, the 
surface of which in operation has acquired a conical shape 
when the last rope is ruptured. 


Figure 4 and 5 shows that significant change of 
the tensile forces of the ropes also occurs at the 
lengths up to 5— 7 meters. The change of the forces 
along the belt width has a skew-symmetric character 
due to skew-symmetric nature of the wear of the 
drum. The maximum strains and forces are realized 
in the last ropes. The rupture of the last rope leads to 
an increase in the maximum effort by 23%. The 
case of the rupture of the middle rope is not shown, 
as on the average rope the loads do not increase 
when the drum acquires a conical shape — they re- 
main equal to zero. As a consequence, the rupture of 
the unloaded rope does not involve the changes in 
the loading of other cables. 

The driving drum of the feed conveyor 3 of bur- 
den materials into the blast furnace (Figure 1) inter- 
acts with the belt surface, by which the raw materi- 
als are loaded. Abrasive dust, left on the belt sur- 
face, accelerates the wear of a drum surface. When 
loading, the material on the belt is located closer to 
the axis of the conveyor. Therefore, the wear of the 
drum in the middle part is more intense. 

Equations (5) — (14) are written for the case when 
the shape of the drum generator is known. We as- 
sume that the generator of the drum as a result of the 
wear had the shape of a quadratic parabola. The 
greatest radius of the drum exceeds the lowest by 
0.2%. Considering the drum shape in accordance 
with the function fk) was defined the stress-strain 
state of the conveyor belt during its interaction with 
the worn drum. The calculation results are shown in 
Figure 6 — 8. 





Figure 6. Distribution of the forces between the ropes for 
the case of interaction between the belt and a drum which 
has a parabolic shape of generator. 


The maximum force due to rupture of the extreme 
rope, increased by 5%. At the instant of the rupture, 
the rope lost the ability to resist external loadings. In 
(Belmas 1993) it is shown that the damage to rope 
leads to the change of loads only in a few its adja- 
cent ropes. Since the ropes, adjacent to the damaged 
extreme rope are less loaded, the additional load 
changes the greatest load of the belt rope insignifi- 
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cantly. This feature has led to the fact that damage 
to the rope, located closer to the middle of the belt, 
has changed a load of adjacent ropes by 9%. 





Figure 7. Distribution of the forces between the ropes for 
the case of interaction between the belt and a drum which 
has a parabolic shape of generator when the last rope is 
ruptured. 





Figure 8. Distribution of the forces between the ropes for 
the case of interaction between the belt and a drum which 
has a parabolic shape of generator when the middle rope is 
ruptured. 


In conveyors of a large belt width the bulging 
drums are used. This facilitates the centering of the 
belt relative to the conveyor axis and relative to 
the middle of the bulging drum. The use of such a 
technical design also leads to uneven distribution 
of the internal forces in the belt ropes. In the case 
of a convex drum at an invariance of other condi- 
tions, the expression (14) takes the form 
=i + 5 F cos( ly (k — 0.5)) . The surfaces 

m=l 
that describe the distribution of the forces, shown in 
Figure 6 — 8, change their sign. 

We have considered only the impact of the devia- 
tion from the geometric parameters of the conveyor 
design. The linear formulation of the problem allows 
applying the principle of superposition. Therefore, to 
determine the effect of the belt tension it is sufficient 
to add evenly distributed forces to the loads dis- 
cussed above. The influence of the ropes rupture 


should be taken into account through the stress con- 
centration factor due to rope rupture. This ratio for 
the belt of the large width, loaded only by the force 
of stretching, equals 1.6 and 1.4 in cases of the rup- 
ture of the last and middle ropes (Belmas 1993). 


4 CONCLUSIONS 


Misalignment of the drum axis and the deviation 
from the cylindrical shape of the drum, results in a 
redistribution of the internal stretching forces in the 
ropes. The changes in the redistribution of the forces 
occur at a length of 5 — 7 meters. The assumption of 
infinity of the belt segments that interact with a 
drum of the conveyor, taken in this paper, may be 
considered acceptable and not affecting the accuracy 
of the results. The ruptures of the ropes alter the 
stress-strain state of the belt: the destruction of the 
edge and middle ropes (except the skew-symmetric 
deformation) leads to an increase in extreme values 
of tensile forces of the ropes. 

The obtained mathematical relationships allow 
defining the stress-strain state of the belt due to 
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changes in operating parameters of the feeding con- 
veyor of the blast furnace. On the basis of the results 
one can reasonably make decisions on the elimina- 
tion of defects against wear and tear of the conveyor 
components. 
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ABSTRACT: The solution to the problem of determining the eccentric location of the drill string in the 
borehole using analytical studies and modern systems of mathematical computer modeling was analyzed. 
The practical implementation of technological problem solving was parameters calculation of the formation 
and changes in the area of stagnant zone in the cross section of the wellbore annulus in set out put character- 
istics of its washing. As a result of studies it has been found that at lower eccentric placement of both straight 
and deformed drill strings in the well drilling mud moves by crescent-shaped core flow. The maximum ve- 
locity of mud is inside the core, and the minimum one-in the contact zones of a flexible pipe with the bore- 
hole wall. Thus, the dependences in changes of hydraulic pressure loss in pumping by the mud pump and the 
core flow rate distribution along the axis of the drill string at its eccentric location in the wellbore were de- 
termined. The conditions of drilling mud stagnant zones formation in the annular space were defined and the 
solutions to eliminate them were proposed. 


1 RELEVANCE OF THE RESEARCH considering important mining and geological, tech- 
PROBLEM nical and technological factors and problems. The 
latter includes, in particular, the problem of drilling 
Energy consumption during drilling and the for- mud stagnant zones formation in the annular space 
mation of cylindrical excavation in rock is divided of horizontal wells due to specific (eccentric) loca- 
into interrelated technological processes of rotation tion of the drill string (Makovei 1986, Chudyk 
and axial movement of the drill string in the well- 2008). This leads to the accumulation of sludge in 
bore, the destruction of the downhole rock and ex- the well annular space, the deterioration of axial 
cavation flushing. Thus, to overcome the frictional displacement and rotation of the drill string during 
forces of the drill string with the borehole wall the drilling, drill string drag and sticking, drilling speed 
rig consumes about 10 — 15% of its energy. On the decrease and reduction of power supply to the bit 
bottom-hole rock destruction a drill bit consumes (Hulizade et al. 1967, Chudyk 2007). 
from 10 to 15% of this energy, and to perform trip- Taking into account multifactorial process of 
ping operations we need 5-— 10% relatively. The washing wells, the great difficulty in establishing 
bulk of the consumed energy in the process of drilling the degree of influence of the eccentric position of 
(60 — 75%) is spent on flushing the well (cleaning the the string in the well and its impact on changing hy- 
downhome from drilled cuttings, removal of drilled draulic resistances, this question remains poorly in- 
solids to the surface, overcoming hydraulic resistance vestigated. This article summarizes some of the re- 
of drill mud friction on the way of its movement, and sult of earlier research in this area. 
other) (Makovei 1986, Chudyk 2008). Considering Thus, for the first time (Chudyk 2010) under con- 
large energy losses of the well drilling process on its sideration was the problem of Newtonian fluid flow 
washing, there is a need to study the factors of their investigation in a channel with full eccentric annular 
reduction, and their mechanisms of their control. cross-section area. From the result of the research it 
The tendency to increase drilling ultra-deep, di- was established that under laminar fluid flow mode, 
rectional and horizontal wells to a considerable de- the same pressure drop and equal section of the 
gree determines the increase in the share of unpro- channel the fluid flow rate in eccentric channel will 
ductive losses of energy in order to overcome the always be higher than under the concentric tubing 
resistance of the medium and its reduction concern- placement. The higher is the value of the ratio of in- 
ing rock disintegration. It leads to the need of im- side and outside diameters of the pipe, the higher is 
proving the approaches to the design, selection and the flow rate. 
implementation of efficient drilling technologies, 


591 


In studies (Chudyk 2010) it is stated that in exist- 
ing wells the contact of internal and external surfaces 
of the circular channel for drilling mud circulation is 
not along the line, but along some surface, that leads 
to the formation of stagnant zones. This causes a de- 
crease in cross-sectional area of drilling mud flow. 

One of the practical ways of eliminating stagnant 
zones formation elimination in the borehole now is the 
way of increasing the mud pump performance, which 
has a number of significant drawbacks (Makovei 1986): 

— differential pressure increase on the downhole 
and hydraulic losses growth in the annular space; 

— enhanced erosion of the walls of the well which 
leads to the formation of cavities and channels; 

—enhanced absorption of mud and wear out of 
mud pump elements, swivels, threaded connections 
of the drill string and bit nozzles; 

— energy expenses increase on hydraulic flushing 
program implementation and well drilling in general. 

Due to the negative impact of the above men- 
tioned factors on the process of well drilling there is 
a need to find new and effective approaches to re- 
duce the impact of drilling mud stagnant zone in the 
annular space on the drilling process, which is the 
urgent problem that needs solving. 


2 THE PURPOSE OF THE STUDY AND 
FORMULATION OF THE PROBLEM 


In the borehole of horizontal wells the axial move- 
ment of the drill string is provided with the longitu- 
dinal component of weight of the above located part 
of its design to overcome the friction force of the 
pipe with the wall. Under the influence of axial and 
transverse forces the elastic axis of the drill string 
takes the complex shape of bend (Figure 1) at the 
eccentric location in the borehole — e. 





Figure 1. Diagram of the drill string placement and its 
deformation. 


As a result of the drill string deformation in the 
annular space of the borehole during wells flushing 
there is a change in the cross-sectional shape of the 
flow core and its flow velocity distribution which is 
described by such schemes (Figure 2). 

Taking it into consideration, the aim of this study is 
to examine the impact of the eccentric location of the 
drill string in the borehole of a horizontal well on the 
shape of drilling fluid flow core in the annular space. 
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Figure 2. Scheme of drilling mud flow core orientation and 
distribution its velocity in the borehole annular space of 
horizontal wells: 1 — drill string; 2 — core of drilling fluid 
flow; 3 — hole wall; 4 — stagnant zone of drilling mud. 


Also its flow velocity distribution due to the 
changes of the well and the drill string diameters, 
drilling fluid parameters, power characteristics of a 
mud pump and so on are examined. 

The study relates to computer modeling using 
software environment SolidWorks Flow Simulation 
and mathematical modeling by means of calculation 
method. The drill pipe is examined in the borehole 
of horizontal wells under different boundary condi- 
tions according to Figure 1 and 2. 

Input research parameters are the following: the 
diameter of the hole; the outer diameter and the 
length of the drill pipe; mud pump performance and 
pressure of pumping; roughness of the walls with 
which drilling mud contacts; its density and viscosi- 
ty according to one of the rheological models. 


3 NUMERICAL CALCULATIONS 


To determine the effect of eccentricity of the drill 
string location in a horizontal section of the borehole 
by mathematical modeling (without simplifications 
and assumptions) a number of dependences were got 
relating to the drilling fluid velocity changes in the 
annular space sickle-shaped channel and pressure loss 
by using the following initial data were got (Table 1). 


Table 1. Input parameters. 


Parameter Value 
The diameter of the borehole, m 0.136 
The outer diameter of flexible pipes, m 0.06 
Mud pump performance, m°/s 0.0015 
Pumping pressure of mud pump, MPa 20 
The roughness of the walls, with which 
mud contacts, u ony 
The density of the drilling a 1100 
(model Herschel-Balkly), kg/m 
The length of the investigation area 5 


of the annular space, m 


As a result of conducted research of drilling fluid 
movement in the annular space using computer mod- 
eling of the model “borehole — drill string” a number 
of features were established. At first, the eccentric 
location of the drill string in the borehole does not 
change the pumping pressure values in its cross- 
section area (Figure 3, a). Secondly, the eccentric lo- 
cation of the drill string in the borehole enables the 
reduction of the hydraulic resistance gradient. There- 
fore, for a concentric arrangement of pipes in the 
well it is about 1.36 kPa/m, and for eccentric — by 
30% less, or 0.96 kPa/m (Figure 3, b). This differ- 
ence has a significant effect on reducing both the hy- 
draulic resistance and the energy consumption for 
wells flushing, but negatively affects the formation 
of drilling mud stagnant zones and sludge packs 
formation and other (Makovei 1986, Chudyk 2008). 
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Figure 3. Distribution of mud pump pumping pressure un- 
der eccentric location of the drill string in the wellbore: 
(a) in the longitudinal section of the wellbore; (b) in the 
cross-section of the wellbore. 


Ascending to the result of charting drilling fluid 
flow velocity changes in the annular space of the 
model “wellbore — the drill string” Vy it was found 
that stagnant zone is formed provided eccentricity e 
increase between the axes of the hole and the drill 
string (Figure 4). Under concentric arrangement of 
the drill string in the hole (for given input data) 
Vi~ 0.7 m/s (Figure 4, b), without a stagnant zone 
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drilling fluid in the annular space. In the extreme 
eccentric position of the drill string in the borehole 
in the center of the flow core we can observe the 
drilling mud flow velocity is Vy~0.8 m/s (Fig- 
ure 4, a) in the clearly visible stagnant zone. Most 
attention is caused by the intermediate eccentric po- 
sition of the drill string, which in the flow core of 
drilling mud the flow velocity is Vz-~ 0.86 m/s with 
no signs of the stagnant zone. This justifies center- 
ing the drill string in the borehole of horizontal wells 
for maximum flow care velocity drilling mud in the 
annular space with the absence of the stagnant zone. 


(a) 
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Figure 4. Average flow velocity of drilling fluid in the an- 
nular space of the borehole at different options of the drill 
string location in it. 





To study the effect of the drill string eccentricity 


in the borehole of a horizontal well on the parame- 
ters of drilling mud pumping in the annular space 
the design scheme, shown in (Figure 5), is proposed. 


XXXX > 





Figure 5. Calculation scheme of the drilling mud stagnant 
zone formation in the annular space with the eccentricity 
of the drilling string: 1-— drilling mud stagnant zone; 
2 — drilling mud movable zone R, — the radius of the drill 
string pipe; R,—well radius; g—the value of the semi 
angle; y — the value of the semi angle. 


The ratio between the geometric dimensions of the 
drilling mud stagnant zone in the annular space at a 
pumping pressure of the mud pump is expressed: 


P- A tTo:4 =T0:4, (1) 


where A,—the cross-sectional area of the drilling 
mud stagnant zone; P-— pumping pressure of the 
mud pump; 4, — the surface area of contact between 
the stagnant zone and moving drilling mud; 4, — the 
surface area of drilling mud contact with the pipe 
and wellbore walls in the area of movement; t) — the 
dynamic shear stress of drilling mud. 
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(4) 


h} 


where / — the length of the drilling string. 

To ensure the effective hydro transport of sludge 
by the drilling fluid flow through the annular space 
of the directional or horizontal well the necessary 
condition is to provide its required velocity and de- 
crease the preconditions of stagnant zones formation. 

For planning the required drilling mud flow ve- 
locity in the annular space Vz the mathematical 
model was built concerning sludge spherical particle 
movement between the borehole wall and the drill- 
ing string within the range of zenith angle forming 
and which is subjected to the influence of the fol- 
lowing forces (Figure 6) (Chudyk 2010). 





Figure 6. The scheme of forces distribution acting on the 
sludge particle in drilling mud inside annular space of the 
directional well: Fi — gravity; F — Archimedes; F3 — cen- 
trifugal; F, — centripetal; Fs — viscous medium resistance; 
Fs — friction; F; — lifting. 


These gravitational and Archimedes forces acting 
on a sludge particle under such conditions are de- 


fined as: 
i= Ppl a. (5) 


where V,, — the maximum volume of sludge particle, 
which is removed by mud; p,— rock density. 


Fy = Pam & Vp> (6) 
where pam — drilling mud density. 
2 
k- 2p, Vig V nk (7) 
2 =... AS 
(2 +K D,„) 


2 Dig Vig V yk 


e (2+xD,) (8) 


where k -— curvature of the borehole; D, — diameter 
of the well. 

Talking into account the fact that the drilling mud 
stagnant zones formation leads to a decrease in the 
cross-sectional area of the annular space, which cor- 
respondingly causes an increase in the mud flow ve- 
locity, determined by: 


4 
kp mia - ; (9) 
{p2 d3,|-44, | 


where Q—mud pump performance; da — diameter 
of the drill pipe. 


2 
i: C Pdm Sy Vo Var 
§ o 
where S, — the maximum cross-sectional area of the 
sludge particle being the largest one in the fractional 
composition formed on the bottom hole; c — empiri- 
cal coefficient: 


(10) 


2 


H +0.67], 


d}> J38 Pam (p, — Pam) 


where u — the absolute viscosity of mud; d, — condi- 
tional diameter of sludge particle. 

Sludge particle friction with the wall of the well 
considering sticking it to the mud cake: 


Fe =N:f, 


(11) 


(12) 


where f— coefficient of sludge particle friction with 
the drilling string or the borehole wall; N — normal 
component of the force pressing sludge particle to 
the wall of the borehole: 


N=V, (p, — Pam) 


where a — the zenith angle of the borehole. 

During the drilling string rotation at an angular ve- 
locity œ = const the following force acts on a sludge 
particle entering the zone of turbulent drilling mud: 


2 
_ Pr Vp © dap 
12 


According to Figure 6 we obtain the equation of 
equilibrium of forces acting on the sludge particle 
during its movement in drilling fluid: 

— force projection on the axis OX: 


(F; - F; \cos(æ)+ Fy Sl 
+(F, + Fy —N—F;)sin(a)=0, 


(14) 


7 


(15) 
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— force projection on the axis OY: 
(F +h,-N-F, )cos(a)- 


-(F; + Fs )sin(a)=0. (16) 


Combining (1)— (16) in the system of equations 
and having done the appropriate calculations we ob- 
tain the values of quantity F; and Vy at given tech- 
nical and technological parameters of the process 
under the condition A; — 0. 


4 CONCLUSIONS 


1. Taking into consideration the eccentricity of the 
drill string in the borehole it leads to the introduc- 
tion of significant changes in the quality of wellbore 
cleaning and to the specification of the existing 
methods of design and the selection of optimum 
mud pump performance which is of a considerable 
practical interest. 

2. To determine the quantitative and qualitative 
impact of the drill string eccentricity in the wellbore 
the hydrodynamic system of flushing the well in the 
application module Flow Simulation program 
SolidWorks was proposed and appropriate studies 
were conducted. This uses nonlinear visco-plastic 
rheological model of Herschel-Balkli drilling mud 
considering mud pump performance and pressure, 
roughness of the borehole walls. 

3. For designing the efficiency of the mud pump 
performance and to provide the sludge removal by 
the drilling mud flow through the annular space of 
the borehole the improved mathematical model was 
suggested. It takes into account a number of technical 
and technological parameters and factors that prevent 
from the drilling mud stagnant zones formation in the 
wellbore annular space of arbitrary curvature. 
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Influence of different factors and physical 
impacts on the power of flowing supersonic 
jet during slag spraying in the converter 


P. Kharlashin, R. Kuzemko & V. Sinelnikov 
Pryazovskyi State Technical University, Mariupol, Ukraine 


ABSTRACT: To section nonisobaric supersonic jet jointly solved the equation of conservation energy and 
constancy of momentum, received distribution-average temperatures and power along the length of the jet 


flowing in the cavity of the converter. 


1 INTRODUCTION 


Introduction of the technology of the final blowing 
slag allows several times to increase the resistance 
of the lining of the oxygen converter. The technolo- 
gy of applying a protective lining on the scull oxy- 
gen converter based on the fact that a specially pre- 
pared slag is supplied and he passed a large enough 
energy to melt flowing nitrogen jets. The total ca- 
pacity of the jets issuing from the nozzles of the 
lance 350t converter at the spraying reaches 
~4 MW. Proper use of the power of energy makes it 
possible for application scull dramatically increase 
the resistance of the lining. 

To properly calculate the energy flowing into the 
melt jets to be considered the expiration feature gas- 
jet at supersonic pressure drop. When applied to the 
lining of the slag scull 350¢ converter “AZOVSTAL 
IRON & STEEL WORKS” (Mariupol, Ukraine) 
nitrogen pressure at the inlet of the nozzle block of 
the lance is reduced by 1.6 MPa at the beginning of 
blowing up to 1.1 MPa at the end slagging. So how 
to maintain a constant pressure of nitrogen to the 
nozzle can not be unchanging form, the structure of 
blowing off-design supersonic jets always shock — 
wave and gas in them periodically accelerated and 
braked. On the direct and oblique shocks energy is 
dissipated compressed to high pressure nitrogen. 


2 INTENSIFICATION OF THE PROCESS 


2.1 Physical model 


Figure | is a photograph of two shadow jet into the 
atmosphere at the same pressure P, upstream of the 
nozzle lance same critical diameter D,,. and the same 
flow rate V,, but using a different nozzle shapes — 
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cylindrical (left) and Laval (right). It can be seen 
that the gas-dynamic structure of these jets are com- 
pletely different. 





Figure. 1. Gas-dynamic picture of air jets issuing from the 
cylinder (1) and the expanding (2) jets double-nozzle lance 
(excessive pressure to the nozzle p, = 1.2 MPa). 


At supercritical pressure drop over the jet at con- 
siderable length accompanied by shock events and 
periodic change of thermodynamic parameters in 
her longitudinal and cross sections. 

The static pressure at the nozzle exit pı is usually 
not equal to the pressure in the environment p,. The 
degree of pressure ratio flow regime characterized 
by the ratio n = p,/pg, which is usually different 
from the unit due to fluctuations in the flow of ni- 
trogen to the converter and the pressure on the net- 
work. In addition, the lance shortened divergent 
nozzle unplanned expiry provided solely to protect 
the trailing edge of the nozzle. Since n < 1 the flow 


within the nozzle exceed and can break away from 
the nozzle walls. 

Supersonic jet consists of two parts: a supersonic 
core with a complex system of shock waves, gradu- 
ally collapsing from friction and subsonic shell 
thickness is constantly increasing as a result of join- 
ing the environment and mass transfer with the su- 
personic core. 

If design mode expiration supersonic core, 
formed by the interaction of weak waves discharge, 
similar in shape to a cone. The length and diameter 
of each successive “barrel” is smaller than the pre- 
vious, straight races seal perpendicular to the veloci- 
ty vector of the incoming flow is absent. The more 
direct the shock wave, the greater dissipation of me- 
chanical energy in the shock wave, the shorter the 
stream, the less its long range on the same distance x. 

A promising technology is when the skull using a 
special lance, which combined operation blowing 
slag and flare shotcrete (Kharlashin 2010, 
Chernyatevich 2010). In this case, the cooling water 
casing is not required, and the lance becomes effi- 
cient heat exchanger in which the heated nitrogen. 
As a result of an industrial experiments in 
(Chernyatevich 2010) that the wall temperature gas- 
cooled lance body after blowing slag and extracting 
it from the 160¢ converter reaches ~500°C. 

Given the importance of the issue, to increase the 
energy flowing streams of nitrogen are possible 
heating scheme with an internal heat source. 


2.2 The purpose of this work 


Determine the effect of nitrogen flow rate Vz, 
through a nozzle, temperature before nozzle t, and 
in the cavity of the converter te, pressure ratio n to 
connected mass g, temperature distribution 4, and 
power of N, in different sections of a supersonic jet 
introduced in the molten slag. 


2.3 The computational model to determine 
the added mass g 


In drawing up the model, the following assump- 
tions. Due to the variability of the pressure p, nitro- 
gen lance nozzles of a given size expiring superson- 
ic jets are variable degrees of pressure ratio n. The 
size added mass of slag is small (g,, < 1), so the law 
of accession gas (N>) is weakly dependent on the 
presence of slag in the gas. Such assumptions allow 
in this work to use the model calculation the added 
mass of gas provided in (Kharlashin 2010). 
Added mass was calculated as: 


(1) 


g=m,/m,, 
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where the flow rate through the nozzle m; = p,w,F); 
mg — the mass flow of the acquired gas jet from the 
cavity of the converter; p;, w, F; — density, speed 
and area of exit section the nozzle. 

Methods for calculating g nonisobaric supersonic 
jet includes a joint solution 12 of equations, as fur- 
ther described in (Kharlashin 2010). 

This value is defined as: 

Db vx 


1 
gaat ohc) (rr). 2) 


S 


In the formula (2) the number of Crocco is a value 


zi 
-1 ae 
equal to C,; =,{1- 1 + <a i . The similarity 
parameter, which characterizes the degree of turbu- 
lence of the jet, calculated by the formula 


Oo =12+2.58M,, where M; — the number Mach at 


the boundary of the jet and the surrounding gas. 
Coefficient D establishes a link between the Mach 
number M; at the nozzle exit and the degree of pres- 
sure ratio n flowing supersonic jet 


pN k+l 
p=[£) Mn?" . Relative to the maximum 
radius of the first “barrel” nonisobaric jet with 
shock waves F ay calculated as in (Kharlashin 


2010). In the formula (2) X = ~ _the distance 
n 

from the nozzle to the caliber to control section 

along the axis of the jet; 7, — the radius of the nozzle 

in exit section. The numerical values of the integrals 

Tip and hpg defined as in (Kharlashin 2010). 


7 = pdn 

C btol -0)- pC 
nR ai 

Lr= f Po o, (3) 
-» 0+ 1-8) oC; 


where 0=7,, /T, —relative temperature. The varia- 
ble to abide 
|- on z ) < €, where € —small quantity; R — index, 


Np —chosen so, by the terms 


relative to the inner boundary of the mixing zone. 


2.4 Calculation model to determine 
the temperature t, and power N, jet 


Consider the plot nonisobaric supersonic jet dis- 
posed between the trailing edge of the nozzle and 
the purge section xx located, for example, at the 
entrance of the molten slag. Neglecting speed w, 


ejected gases write for this section of the law of 
conservation of energy in the form of: 


MC py LQ + MgC pol, = (m +m, X pxTy + 


e= pE g 
2 
m +m 
4 ( 1 bs ( 4) 
2-10 
where T — thermodynamic temperature; c, — isobaric 


thermal capacity; w — averaged flow rate; indices 
parameters mean: o — isentropic flow deceleration; 
1—at the nozzle exit; g—gas cavity converter’s; 
x — in the control section of the jet; 7 — under normal 
physical conditions. 

From equation (4) can easily receive a weight av- 


a ; Zew 

erage temperature jet in the distance x =— from 
1 

the nozzle exit: 


len + Cp 1g —(1+ g)w? /2) 


Tos 
(I+ g)e,, 


X 


; (5) 


where 1 — relative cost (associated mass surrounding 
the gas jet); d, — the diameter of the nozzle the exit 
section. 

It is assumed that the specific heat c,¢ depends on 
the temperature T, and T,. In view of the apparent 
mass g average heat capacity of gas jet is: 


C 

P1 +t 8C pg 
C, = ——, 6 
px ince (6) 


The temperature of the of braking 7,, that along 
the nozzle remains constant, was calculated as 
T,=T,+wi?/ 2c,1, Where static temperature T, at 
the nozzle exit of the pre-determined value found 


gazodinamic consumption function g(A\) = Fep / Fi, 
and then 7(/): 
T = t(4 M0. (7) 


Weight average speed of a jet w, found by solving 
the equation of constancy of momentum recorded for 
the area between the jet nozzle and cut section xx: 


ne, + Fi(p, - pe )= mye + F De): (8) 


Under the power N, understand the kinetic energy 
of the jet, which is determined by the formula: 

MWy 
2 
Power N, can be expressed through mass adjoint 

g and the degree of pressure ratio n. So, knowing 

the diameter of the nozzle in critical dą and the exit 

section dı determined by gas-dynamic function flow 
q1) = da/da, and in table by q(41) found gas- 
dynamic pressure function z(41) = pı / Pop. Then the 





N,= , Mm, =m tm, =m(1+g). (9) 


design pressure before the nozzle (when pı = po) is 
Pop = Pg / T (%1). As the actual pressure p,’ upstream 
of the nozzle is known, the degree nonisobaric will 
i. Ro 
PG Po, 


Starting from cross section of the jet xx where 
static pressure is equal to atmospheric p, , the ex- 
pression for power N, can be written as: 


equal n = 








Power supersonic jet, calculated under the terms 
of the nozzle exit, determined by the formula 


2 
mw 
aoe Speed w, at the nozzle exit from the 


N, = 
condition w; = /)a,,, and 2; we found in the tables 
of gasdynamic functions consumption function. 
Thus, one of the main problems to be solved in 
this task — how to determine the added mass g tak- 
ing into account a number of factors and physical 
influences — Po, to, tg, V,, n and many others. 


3. BASELINE DATA 


The calculations were made applied to the lance 
350¢ converter “Azovstal” (Mariupol). The diameter 
of the nozzle is equal to a critical d,,.= 43 mm and 
the exit section d, = 63 mm. The stagnation temper- 
ature of nitrogen (i.e. at the nozzle inlet) varied in 
the range t, = 25 — 600°C, and the temperature of 
the gases in the cavity of the converter — in the 
range tg = 300 — 1500°C. When nonisobaric modes 
nitrogen flow through the same nozzle was changed 
within Vy = 180 — 380 m?/min (under normal physi- 
cal conditions). The parameters were calculated at 
different distances from the nozzle exit x. 


4 THE RESULTS OF CALCULATION 
AND THEIR ANALYSIS 


How to use the above technique is not quite a simple 
calculation will show the example of definition of 
power N, Let the nitrogen flow rate through the noz- 
zle is Vy = 220 m/min, actual pressure upstream of 
the nozzle pp =1.5 MPa, temperature t, = 30°C, the 


pressure in the cavity of the converter pg= 0.1 MPa. 
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Determine thle capacity M, of the jet at a distance 
x = 20 calibres, where adjoint mass, calculation de- 
fined by the formula (2) is g = 0.32. 





For nitrogen adiabatic index k= 1.4. By 
2 

Hee (43) + = 0.466 in tables gas-dynamic 
FL (63) 


functions, we find that at the nozzle exit speed re- 
duced 4, = 1.748, gas-dynamic function of pressure 
and temperature z(/,) = 0.083, 7(A;) = 0.49. Then the 
design pressure before the nozzle is equal to 





1 
Pop = ves a =1.2 MPa. Degree nonisobar- 
n(A,) 0.083 
. À ; oo L 
ic flowing the jet pee is 
Pe Po, 12 


critical speed: 


ap. = -ÆR = 1.084297 -303 =324 m/s, (11) 
+ 


speed expiration of the nozzle w; = 1\4,, = 566 m/s. 
Then the jet power at a distance x =20 calibres 
will be: 





2 
_|1.25-11.4-1 0.49 sl 
* 1.25 1.4 1.4-1 
1 1.25-0.1) 1.4 
1.5 
2 
220 -1.25 - (566) CNN 12) 


*60-2-10% (140.32) 
The power of the jet at the nozzle exit 
mw?  1.25- 220-5667 

- 2000 - 60-2-10° 
Using the above method of we will show how 

impact on the determinants of the associated mass g, 


power J, and temperature t, jet, flowing in the cavi- 
ty of the converter. 


= 0.734 MW. 





1 


4.1 Length jet 


Represents scientific interest calculation results 
shown Figure 2, from which it follows, that by an 
amount the attached mass g, significantly affected 
the relative temperature 0 = T, / Tọ . Thus, when 
x =20 and the increase 0 with 1 (te = 300°C) to 
0 = 7 it reduces the mass the attached g with 0.58 to 
0.18 (i.e. in 3.22 times). From Figure 2 also shows 
that the higher the value 0, the more w, / w1, 1.e. 
more speed in the section xx. This is because when 
the jet is introduced into the heated, less dense 
space, its speed w,, more, than when 0 = 1. 
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Figure 2. The dependence of a added mass g, and the rela- 
tive velocity w, / w, the relative temperature 6 at different 
distances x. 


4.2 The nitrogen flow rate through the nozzle 


From Figure 3 that expense Vy through the nozzle 
thereby substantially affects the temperature change 
t, and power N, along the length of the jet x . For 
example, by increasing the with increasing Vy with 
180 to 300 m°/min on distance x = 20 relative pow- 
er N, / N; increases with 0.49 to 0.76 , and the rela- 
tive temperature 7. / 7, decreases with 3.4 to 1.8. 


N/N] TTi 
™~ 1 ™ 
< ` 
z” i 
0,8 > 
£ E 
= o 
m 06 S 
5 g 
a z 
& 0, í 
v Z 
ai S 
m o2 L 
þa 





Different distances, x 


Figure 3. The dependence of power relations N, / N; and 
temperatures 7. / T; of the flow rate of nitrogen through the 
nozzle Vy at different distances x from the nozzle exit. 


We remark, that as a result of the deep extension 
within supersonic nozzle the static temperature T; in 
its output section is substantially reduced. In the 
example above, this temperature is 
T, = T,t(A,) = 3030.49 = 148 K (¢, =-125°C). But 
the higher the flow rate of cold gas Vp, the jet attach- 
es less weight strongly heated gas from the cavity of 
the converter (t = 1500°C). Therefore, with increas- 
ing V,, relative temperature 7), / 7, decreases. 


4.3 The heating of the nitrogen before nozzles 


As it is known, for one and the same nozzle dis- 
charge velocity w; does not depend on the initial 
pressure pọ. In the same time, heating the gas before 
the nozzle unit increases the discharge velocity w, 
and power N; flowing out the jet nozzle (N; propor- 
tional to stagnation temperature To). As for the pow- 
er of the jet N,, then as follows from the equation 
(10), it yet depends on the added mass g, which is 
greater, higher nitrogen before the heating nozzle. 
The calculations using this model, all these physical 
effects on the jet into account. 
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Figure 4. Temperature effect of nitrogen before the nozzle 
to on the change of temperature t, at different distances x. 


Figure 4 shows, that the heated nitrogen before 
the nozzle range t) = 30 — 600°C at a distance from 
the nozzle x, temperature t, and speeds w and w, 
jets also increase. With heating of the nitrogen in 
the lance increases and power N, in each arbitrary 
cross-section x jet. For example, in tọ = 30°C, 
V, = 210 m/min at distance x = 20 calibres, tem- 
perature ¢.=330°C, and power N,= 0.53 MW. 
When heated nitrogen to tọ = 600°C, temperature 
t, = 743°C, and power N, = 1.38 MW. 

Thus, due to heating in a nitrogen lance, only in- 
crease in power AN, jet (in this case 0.85 MW) 
maybe more, than the power JN, (0.53 MW) at expi- 
ration the cold gas jet. 

We note one important fact — if a constant flow 
rate Vy = const heated nitrogen gas cooled lance, 
the power of the jet N, (and the impulse /,) in- 
crease as a result of two effects — due to growth 
the speed of the jet w,, as well as the inevitable 
(due to the heating of the gas) pressure rise po 
before the lance nozzles. 
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4.4 The temperature in the cavity of the converter 


Investigate the effect of temperature ft, in the cavity 
of the converter on-average temperatures tą and 
power J, jet. As follows from Figure 5, with an 
increase 0 = T, / To, for example, with 1 to 6 on 
distance x = 20, temperature t, increases with — 7 
to 362°C, and the power N, increases with 0.41 to 
0.57 MW. The temperature rise t explained with 
increasing 0 the jet eject heated gas cavity and the 
converter and very heats. In the same time, with 
increasing 0, i.e. with increasing t,, added mass g 
less dense surrounding gas decreases and therefore, 
power N, it follows from formula (10), increases. 
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Figure 5. The dependence of power jet N, and temperature 
t, on the relative temperature 6 at different distances x. 


5 VERIFICATION MODEL ADEQUACY 


Given the complexity of the physical experiment in 
the cavity of the converter, model adequacy us veri- 
fy, using the test method verification solutions, con- 
sidered particular cases. For example, it was con- 
firmed that if: 

— x=0 (nozzle exit), that g=0 for any value 
of the relative temperature 0, that is not in doubt 
(Figure 2); 

—the control section of the jet is removed from 
the nozzle, that added mass g throughout different 
distances x increases at all temperatures, to, te, which 
is obviously (Figure 2); 

— x 0 (nozzle exit), where the surrounding gas 


. wW 
connection g — 0 the speed ratio —+ 1 for any 
m 


0, which naturally (Figure 2); 


X 





— x =0, the relative power =1 and tempera- 


1 


T E ; 
ture and relative —- =1, which corresponds to the 
l 


generally accepted physical concepts (Figure 3); 

— heats the gas before the nozzle, the expiring jet 
has a higher temperature in any section x for any 
values 0 (Figure 4); 

—gas is warmed to the nozzles, in any cross- 
section x power N, above, than expiration the noz- 
zle of the cold gas (Figure 4); 


al 2 N 
—if x=0, then w, =w =A,a,,, re and 
Í 


t =t =—125°C, which also follows from the for- 
mula 7; =Tyt(A) at to =30 °C (Figure 5); 

— x=(, then performed a special case — power in 
an arbitrary section of the jet and the temperature is the 
parameters at the cut N, = N; , Ty = T (Figure 5); 

—value of the added mass ranges g =0.2-1.5 


(Figure 2), which corresponds to a mass concentra- 
tion, for example, CO to oxygen jet, equal 


[co]=—=— =0.17-0.6. 
Il+g 

Thus, private decisions confirm the accuracy of 

the results of calculations using the above model. 
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6 CONCLUSIONS 


1. The heating of the nitrogen attached to the lance 
increases added mass of the environment. 
Regeneration of heat from the cavity of the 
converter to heat the nitrogen supplied to the air 
blast nozzle — the real path to increase the added 
mass of gas from environment and power planes at 
their introduction into the melted slag. 

2. Temperature increase in the cavity of the 
converter reduces ejecting ability nonisobaric 
supersonic jet. 

3. The change in temperature before the nozzle of 
the lance and in cavity of the converter significantly 
affects the power introduced by the outflowing jet. 

4. When heated nitrogen to 600°C, not reducing 
the power flowing into the melt jets, we can reduce 
the amount of nitrogen, for example, from 
210 m*/min to 125 m°/min. 
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Some technological specialties of rail steel melting in converter 
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ABSTRACT: Some specialties of rail steel melting technology in oxygen converter are represented. Re- 
search and technology analysis of high-phosphorous iron reduction in converter rail steel in 350 tons oxygen 
converters with top blowing are given. Creation of conditions that conduct removing of phosphorous part by 
the beginning of intensive carbon acescence is given. Few variants of slag adjustment impact on steel phos- 


phor removal are represented. 


1 INTRODUCTION 


It is well-known that the melted steel in oxygen 
converters has higher quality than martin steel by 
means of lower content of nonmetallic inclusions 
and gases, and the technology is energy efficient, 
i.e. it is more preferable to produce rail steel by a 
converter method. However, melting of such steel 
in converters is interfaced to certain technological 
difficulties. Basic provisions were considered for 
detection of some technological features of con- 
verter rail steel production from phosphorous iron 
(Voropayev 1982). 

Features of rail converter steel melting technolo- 
gy from high-phosphorous iron are following: 

— determination of grow iron quantity in furnace 
burden of the converter melting that allows to provide 
necessary temperature of steel in a ladle after cast; 

—determination of slag skimming quantity that 
provides of a metal bath phosphor removal; 

— determination of lime consumption and the 
mode of its additives that provides necessary basici- 
ty of slag during blowing; 

— determination of methods of extra oven pro- 
cessing that allows to receive high-quality steel; 

— determination of deoxidation methods, metal 
carbon penetration that provides receiving of neces- 
sary parameters of the melted steel. 

On quality indicators, rail steel can belong to the 
first or second group of quality. The quiet steel deox- 
idated in a ladle by complex deoxidants without us- 
age of aluminum or other deoxidants, which form in- 
clusions, belongs to the first group. 

Steel of the second group of quality is quiet steel, 
which is deoxidated by aluminum or manganese- 
aluminum alloy. 

Melting technology and teeming of rail steel has to 
guarantee absence of nonmetallic inclusions and 
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flakes, freckles and rippled surface aren’t allowed 
(Bornatskyi et al. 1974). 

The analysis of literary data allowed to choose 
some receptions and few the most perspective and ef- 
fective technological solutions of melting processes 
and teeming of converter rail steel. 

These include leaving of final slag part of the pre- 
vious converter melting, which brings it into inert 
state additives of lime and carboniferous materials, 
and double skimming and adjustment of new slag. It 
is used for increase of degree of a phosphor removal 
of a bath during processing of iron in the converter 
with a mass fraction of phosphorus more than 1%. 

As rail steel is highly-carbon, its melting happens 
in two ways: 

— with interception of carbon at the set level; 

— with carbon elimination of a bath of the converter 
with further carbon penetration to the set level. 


2 INTENSIFICATION OF THE PROCESS 


2.1 Process description 


One of problems of converter rail steel melting is 
the raised gain of a phosphorus share which de- 
pends upon a mass fraction of phosphorus in iron 
(Izhmuhamedov 1987). 

During converter rail steel melting due to the ne- 
cessity of combination of a deep metal phosphorous 
removal, the analysis of sequence of iron processing 
technology with the high content of phosphorus in 
converter rail steel was executed. 


2.2 Basic of analysis 


Features of technology are developed in relation to 
steel melting conditions in 350 tons oxygen con- 


verters with the top blowing, at the content of phos- 
phorus in iron of 1% and are as follows: 

—leaving of final slag part from the previous 
melting; 

— slag densification by lime; 

— slag neutralization by materials with the content 
of carbon; 

— blowing in three periods, with two intermediate 
skimming of slag, after scrap charge and iron filling; 

— stopping of refosforation processes during steel 
oxidation in a ladle and during processing by its ar- 
gon, by means of lime additive in the converter upon 
termination of blowing, a slag cut-off at production 
of metal from the converter and lime additive in a la- 
dle after metal production (Izhmukhamedov 1987). 

On the specified technology the number of the 
crowbar in furnace charge was determined by calcu- 
lation of material and thermal balances of melting 
with taking into account temperature and composi- 
tion of iron. 

If the content of phosphorus in iron is 1.5 — 1.6%, 
and its temperature of 1300°C makes number of the 
crowbar by calculation will be equal to 100 tons 
with iron mass of 270 — 280 tons. 

Blowing was conducted by five-nozzle injection 
lance, with oxygen 1300 — 1500 m°/min supply. In- 
jection lance height over the level of a quiet bath at 
the beginning of blowing was equal to 3.9 -— 4.1 m 
with the subsequent lowering it to level of 1.7 — 1.9 
by the end of the first period (Voropayev 1982). 

At first minutes of blowing, after melting ignition 
was added lime that allowed to direct slag with good 
fluidity. On the expiration of the first period slag 
was skimmed completely, with the subsequent tar- 
geting of the new one. For slag formation improve- 
ment in the second and third periods for fluxion of 
slag it is more preferable to use materials on the ba- 
sis of CaF». These impacts of slag mode of melting 
on degree of a phosphorous removal of converter 
rail steel are given on Figure 1. 

The general duration of blowing was 17-19 
minutes, consumption of lime was in limits of 
46 — 50 tons on melting; thus received slag with ba- 
sicity of 3.0 — 3.5. 

Usage of such technology allowed to conduct def- 
initely high velocity of phosphorous deoxidation. 

At accepted structure of metallic charge materials 
that are specified in Table 1, was obtained settle- 
ment data of expenses of the main metallic charge 
materials during rail steel melting which are given 
in Table 2. 

The content of oxygen in metal first of all de- 
pends upon concentration of carbon in it. Oxidizers 
in the oxygen converter are oxygen of a gas phase in 
metal and iron oxide in slag. 
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Figure 1. Impact of slag mode of melting on degree of 
phosphorous removal of converter rail steel, without usage 
o fluxing oil, with leaving final slag from previous melt- 
ing: 1—with usage of fluorspar equal to 5-10 tons; 
2 — without final slag from previous melting; 3 — S;= 
5 — 20 tons; 4 — with usage of fluorspar and S}, 15 — 20 tons. 


Table 1. Composition of metal burden stocks that was 
chosen for calculation of its consumption during rail steel 
melting. 


Metallic Mass fraction of elements, % 

charge c 
Liquid iron 3.20 1.15 0.85 0.03 1.57 0.15 
Scrap steel 0.20 0.65 0.25 0.03 0.03 — 


Table 2. Consumption of the main metallic charge materi- 
als during melting of steel from high-phosphorous iron 
(calculation data). 


Consumption of liquid steel that was 
melted according to technology 
With slag leaving 


__ With carbon and full oxidation 
interception on the 
Charge of carbon with 
level of 0.6 — 
materials further carbon 
0.7% ; 
penetration 
without with 
slag slag iron coke 
leaving leaving 
Iron 0.894 1.045 0.965 0.960 
Scrap 0.192 0.131 0.109 0.125 
Lime 0.133 0.106 0.105 0.106 
Coke — — — 0.009 


For instance, according to A. Samarin and N. Le- 
vents, phosphorus can be oxidized both in metal, 
and on limit of the section slag-metal. In metal oxi- 


dation happens with formation of triphosphate of 
iron passing into slag on reaction: 


2[P] + 8[0] + 3[Fe]=(3Fe0-P20;). (1) 


Deepening of phosphorous removal process dur- 
ing melting converter rail steel can be received ow- 
ing to deeper decarbonanization of converter’s bath. 

The behavior of phosphorus in a bath of oxygen 
converter showed that composition of metal there 
are changes according to the content of phosphorus. 
For cancellation of this process in all skilled trunks 
add at the end of a purge 2 tons of lime for a slag 
thickening (Bornatskyi et al. 1974). 

During release, particles of converter slag are got 
into a ladle. On argon installation where happened 
averaging and operational development of metal, al- 
so raised content of phosphorus is observed. 

In final slags, which contain 15 —22% of FeO, 
concentration of P,O; in the course of oxidation and 
the subsequent purge argon, content of phosphorus 
in ready steel increased on 0.007- 0.018. Data 
about received values is provided in Table 3. 

Degree of a refosforation is influenced by amount 
of slag which gets to a ladle, P20; in slag, intensity 
and time of processing by argon. For its decrease it 
is necessary to resolve an issue of a cut-off of con- 
verter slag and additive of lime in a ladle. 

Prevention of a refosforation of metal promotes 
not only to improvement of metal quality, but also 
increase of oxide content of phosphorus in slag 
(Voropayev 1982). 

Depending on amount of phosphorus which con- 
tains in initial iron, in the course of working off pa- 
rameters of technological process 2 options of melt- 
ing of rail converter steel are developed: 


—if a mass fraction of phosphorus in iron less 
than 1.2% a bath blowing by oxygen conducts be- 
fore achievement in metal of a carbon mass fraction 
0.6 — 0.8%; 

—1if a mass fraction of phosphorus in iron more 
than 1.2%, achievement of necessary degree of 
phosphorous removal is possible only at deeper car- 
bonization of converter bath (0.2 — 0.3%). 

During rail steel melting with blowing stopping at 
the set carbon level (0.6 — 0.7%), the number of 
scrap in furnace charge has to be no more than 
10 — 12% for ensuring temperature of metal before 
release of 1610 — 1630°C. 

After loading of the converter, blowing is carried 
out during three periods, with intermediate double 
skimming of slag on 6 — 7 and 10 — 12 minutes. Up- 
on termination of every period, of metal and slag 
tests are selected and metal temperature is measured. 

After blowing stopping, we made converter turn- 
down during receiving necessary components of car- 
bon composition and phosphorus in metal, also ob- 
taining necessary temperature. Production of metal 
from converter is realized (Izhmukhamedov 1987). 

During steel melting from iron with a mass share 
of phosphorus more than 1.2% on technology with 
oxidation of carbon in the course of blowing with- 
out “interception”, steel carbonization at the level of 
0.6 —0.7% is happened. Degasification of rail con- 
verter steel is done on installation of pumping out at 
discharge in a vacuum vessel not more than 200 Pa. 
Quantity of operation cycles not less than 30. After 
pumping out, temperature of metal was equal to 
1520 — 1530°C. 


Table 3. Changing of phosphorous content in steel before oxidation and after processing by argon. 


Phosphorous content Imbedded with a 
Melting* in metal, % fewoaliowot Ponownie Repoopaorzangn 
- b phosphorous% phosphorous,” degree, % 

1 0.009 0.021 0.002 0.010 111 

2 0.010 0.022 0.002 0.010 100 

3 0.009 0.019 0.002 0.008 89 

4 0.015 0,035 0.002 0.018 120 

5 0.011 0.023 0.002 0.010 91 

6 0.009 0.027 0.002 0.016 178 

7 0.009 0.029 0.002 0.018 200 

8 0.007 0.017 0.002 0.008 114 

9 0.009 0.029 0.002 0.018 200 

10 0.007 0.019 0.002 0.010 143 

C (0.0095) (0.0231) (0.002) (0.0126) (132.5) 


* in brackets — average value 
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3 CONCLUSIONS 


1. Developed technology of converter rail steel with 
processing of high-phosphorous iron in 350 tons in 
converter provides receiving of carbon steel with 
lower content of phosphorus. 

2. During development of technology features 
oxygen converter production of rail steel from high- 
phosphorous cast iron it was supposed realization 
with leaving of final slag from previous melting. 
With its double skimming at a mass fraction of 
phosphorus in iron more than 1%, with interception 
of carbon at the set level and with oxidation of all 
carbon of a converter bath with the subsequent car- 
bon penetration of metal by solid carboniferous ma- 
terials or conversion iron. 

3. It was established that soft blowing could pro- 
vide by the period of readiness of metal according to 
the content of carbon with combination of two such 
important parameters of process as temperature of 
metal and degree of its phosphorous removal. 

4. Results of conducted melting showed that pro- 
cessing of high-phosphorous iron into converter rail 
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steel in a steel-melting bathwith the top blowing on 
technology with usage only of lime and “intercep- 
tion” of carbon at the set level of 0.6 — 0.8% is pos- 
sible at two-fold skimming of slag, as a fluxing oil, 
usage of fluorspar and final slag leaving from the 
previous melting, in a case when the mass fraction 
of phosphorus in cast iron doesn’t exceed 
0.9 — 1.2%. If content of phosphorus in iron is with- 
in higher limits, blowing should be conducted to the 
content of carbon in metal 0.2 — 0.3% with the sub- 
sequent carbon penetration of metal in a ladle by 
materials that containing carbon. 
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